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The authenticity issue involving edible bird’s nest (EBN) has affected the 
consumer’s confidence. Instead of relying on current techniques, new 
analytical methods are developed and applied in combination with 
multivariate data analysis to tackle the problem of authenticity. Hotelling T2 
range plot illustrated that it is feasible to identify EBN as well as, to 
differentiate matries similar to EBN, thereby resolving the issues of quality 
control and species of origin of EBN. Classification of EBN according to its 
coloration, country of origin and production site could be done with metabolite 
fingerprinting and supervised score plots. Moreover, score plots based on the 
data from gas chromatography mass spectrometer demonstrated better 
prediction abilities. In qualitative discrimination, principal component analysis 
is able to discriminate EBN from spiked samples at the level of 0.5 %. In 
quantitative analysis, accurate prediction of spiked sample was shown to 
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CHAPTER 1. INTRODUCTION AND LITERATURE REVIEW  
 
The natural food item known as edible bird’s nest (EBN) is defined as EBN 
(known as y n w  in Chinese) is a food ingredient secreted from the two 
sublingual glands of an Aerodramus genus, or more commonly known as 
swiftlet. It is recognized as a delicacy, medicine and an important agricultural 
product. Despite its widespread consumption and economic importance, 
information on safeguarding quality and safety of EBN is far from being 
adequate. This opens up to an immense opportunity for fraud of the food item. 
To address this problem, authentication of EBN is required.  
 
Food authentication is the act of verifying a food item to see that it complies 
with its labelled description to ensure the quality and safety of the food item.
1
 
To do so, an approach –identification, classificationand discrimination of the 
food item and its spiked form, was devised and adopted in this thesis. This 
would provide a systematic way of tackling the problem of fraud and also give 
way to logical explanations on the inherent difference in EBN. The approach 
would require the support from various analytical methods to ensure the 
success of authentication. For this reason, it is vital to develop accurate and 
precise analytical methods capable of providing reliable data prior to study of 
the food item. The use of analytical methods would generate a large data set, 
making reasonable deductions difficult. As such, multivariate data analysis 
would be employed to reduce the complexity and facilitate the interpretation 
of obtained results.
2
 A graphical display of the general workflow of this thesis 





Hopefully, the implementation of such an authentication approach would 
eventually be able to safeguard the quality and safety of EBN and provide 
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1.1.Overview on food authentication 
 
Food authentication is the act of combating against an age-long problem - food 
fraud. One of the earliest records on food authentication was published in the 
19
th
 century by Frederick Carl Accum to expose the act of deliberate addition 
of water into wine, beer, brandy and custards.
3
 Besides the need to protect the 
economic interest of food suppliers and consumers, food authentication is 
deemed to be an important issue because of the serious impact brought about 
by food fraud in today’s increasingly globalised world. A recent example is 
the melamine-tainted Chinese infant milk powder incident in 2008, which 
clearly underlined the severity of the threat of food fraud on consumers’ health. 
In this unfortunate incident, the number of affected infants is estimated to be 
300,000, and six of them died due to kidney damage.
4
 Besides the issue on 
public health, there is an increasing pressure coming from consumers on the 
food suppliers to reveal more information on the food items so as to gain 
control of their diet.    
 
To address the concerns of consumers and food suppliers, international 
organizations like Food and Agricultural Organization (FAO) and World 
Health Organization (WHO) have been set up to ensure the authenticity of 
food items.
5, 6
These organizations focus on devising scientific methods and 
safety guidelines to serve as a reference for countries to combat against food 
fraud. In Singapore, two regulatory bodies– Agri-Food and Veterinary 
Authority of Singapore (AVA) and Health Science Authority of Singapore 





perform the task, legalisation like the Food Act has been established in 
Singapore with reference to guidelines stated in Codex Alimentarius.
7
 This 
official statement makes it necessary that all food items adhere to the safety 
regulations and be labelled according to their contents. However, merely 
enforcing food labelling may not be sufficient as it is prone to manipulation. 
Moreover, tonnes of food items are imported into and exported out of 
Singapore yearly, adding to the difficulty of authentication. Besides Singapore, 
many countries are facing a similar problem. Therefore, apart from enforcing 
accurate food labelling, it is also vital to develop reliable analytical 
methodologies to act as an independent and objective tool for the 
authentication of food items.  
 
Food authentication is a broad and complex topic, due to the numerous factors 
influencing the food items from farm to fork. Thus, in this thesis, 
authentication is divided into three categories, each representing a unique 
aspect on the authentication of the core food item– EBN. The categories are as 
follows:  
 
1) Identification of food items labelled as EBN based on species origin.  
2) Classification of EBN according to its natural coloration, country of 
origin, production site. 







The categories are formulated as mentioned to account for factors which may 
potentially affect the chemical composition of EBN – beginning with the 
swiftlets that secrete the EBN, followed by the environmental factors during 
the formation of EBN, and lastly the processes which EBN undergoes from 
harvest till its consumption. In addition, findings in these categories would be 
able to answer consumers’ questions on the authenticity of EBN.  
  
It is important to have a clear understanding of the categories before 
attempting to authenticate EBN. Hence, a detailed discussion on the individual 
categories would be done in the following sections. 
 
1.1.1. Identification of food items 
 
Identification of a food item is the process of verifying that the species origin 
of a food item complies with its food label. This process relies on the fact that 
food items originating from different species have unique chemical 
characteristics and dissimilarities in their physical and organoleptic properties, 
which could be detected by human inspection generally. Despite the high risks 
of being exposed, many unscrupulous food suppliers continue to mislabel food 
items, blinded by lucrative incentives.  
 
A common example of a mislabelled food item is beef. Beef is one of the main 
sources of protein for human. Thus, it is not surprising that the increase in 
global population would drive the rise in the demand of beef. Beef often 





longer rear time and higher popularity among people. In addition, the 
execution of the authentication of beef relies heavily on paper traceability. All 
these factors contributed to one of the biggest mislabelling case of horse meat 
as beef in Europe in 2013.
8
 The “horse meat” scandal has offended many 
English and Jewish as horse meat is regarded as a taboo food.
9
 Moreover, this 
has led to the entry of the veterinary drug phenylbultazone into human food 
chain. At the moment, there have been no reports on the health problems with 
regard to the incident but concerns have been raised on the impacts on the 
consumption of this mislabelled food item. Besides beef, food items such as 
butter, seafood and wheat has been reported to be mislabelled with other 
species of food items.
10-12
 Although no such fraud cases have been reported on 
EBN, it is necessary for the regulatory bodies to take the precautionary 
measures as the promise of economic gains from mislabelling EBN maybe too 
alluring for food suppliers in the future.  
 
1.1.2. Classification of food items 
 
Apart from species origin, food items could also be differentiated according to 
intrinsic properties, such as their geographical origin, and other man-induced 
properties. These differences in food items are often not observable via human 
inspection. As such there is a need to devise another approach, known as 
classification, to address this problem.  
 
The motivation behind the classification of food items is mainly driven by the 





better informed about quality, consumers are no longer satisfied with food 
items that are safe for consumption. They are also concerned about the quality 
of the food items such as the organoleptic properties, geographical origin and 
production methods. Some consumers are willing to pay a premium price for 
food items that possess the quality they desire. This creates a favourable 
financial incentive for unscrupulous food suppliers to exploit upon. In view of 
the high possibility of fraud cases on food, several countries have created 
policies to protect their citizens. One of the most well-known policies is found 
in the European Union (EU) and they are known as protected designation of 
origin (PDO), protected geographical indication (PGI) and traditional 
specialities guaranteed (TSG).
13
 The implementation of these policies hopes to 
guarantee that the food items are produced from certain geographical origins 
and/or by certain processing methods. Classification of food items has also 
been utilized as a branding method for food items. For instance, India has 
established a scheme known as Grapenet to ensure the quality and authenticity 
of grapes produced by Indian farmers and hopefully to be recognized by 




Recognizing the importance of classification, scientists have also attempted to 
develop new analytical methods to classify food items. The food items that 
have been targeted for analysis generally command a premium price or are 
widely consumed by people. Through the use of analytical methods, scientists 
were able to prove that it is feasible to differentiate between organic and non-
organic food specifically, determining the type of processing methods for 








In the context of EBN, classification of the food item has been used as a basis 
for the variation in the prices of EBN. Consumers generally accept that EBN 
originating from caves in the wild commands a premium price than those 
produced on farms as they believe that the cave EBN is more nutritious than 
the farm EBN. However, currently there are no scientific evidences to support 
this belief. Thus, it is vital to make use of analytical methods to classify EBN 
so as to prevent the possibility of food suppliers from exploiting the lack of 
measures on EBN classification, thereby gaining unethical economic benefits.  
 
1.1.3. Discrimination of genuine food items from its spiked form 
 
Adulteration is known as the act of adding a substance that is not present in 
the food naturally. This act is performed by food suppliers to improve the 
physical and/or organoleptic properties of the food items so that the 
adulterated food item could be sold as the genuine one. These adulterants 
come in two forms – chemical and organic.19 
 
With advancement in technology, food suppliers can easily obtain information 
on food authenticity tests conducted by regulatory bodies from the internet. 
Thus, in order to evade detection by authorities, food suppliers would select 
adulterants that have not been included in routine tests done by regulatory 
bodies. An adulterant is chosen such that a minute addition of it would not 





detection, this deceitful act is usually uncovered only after the food item has 
been in the market for a period of time.   
 
An example of such fraud is the 2008 Chinese infant milk scandal mentioned 
earlier. Authenticity test of the infant milk powder in China had relied on 
kjeldahl method to determine the protein level of the food item. This prompted 
unscrupulous milk suppliers to adulterate milk with a nitrogen rich compound 
known as melamine. Such an adulterant enables the reduction of the amount of 
milk in the food item without changing the overall protein content, making it 
the ideal adulterant. This unexpected adulterant was revealed after many 
infants were observed to have fallen sick after the consumption of the 
adulterated milk powder for some time. Another incident which took placed 
recently in 2013 was the adulteration of olive oil using grape seed oil and 
copper chlorophyll in Taiwan. As this complex mixture of adulterated olive oil 
did not lead to any significant health problems, it was not uncovered until one 
of the employees from the manufacturing company blew the whistle. What 





Among the different food fraud cases, adulteration is the most common one 
for EBN. At the moment, it has been reported that a minute amount of 
adulterants such as agar agar, white jelly fungus and isinglass have been 
spiked into EBN.
21
 Chemicals such as bleach and nitrate compounds have also 
been identified to be spiked into EBN to enhance its appearance.
22, 23
There is 





detected in EBN. In view of the complexity of the problem of food 
adulteration, there is a need to develop new and more sensitive analytical 
methods to safeguard the health and interest of both the consumers and 
suppliers.  
 
1.2.Background information on EBN 
 
EBN is the focus of study in this thesis. Thus, a literature review on EBN is 
performed so as to gain a better understanding on the food item. In the 
following sections, the origin, production sites, cleaning methods, economic 
importance and medicinal effects of EBN will be discussed in detail due to 
their importance and relevance to the thesis. 
 
1.2.1. Origin of EBN 
 
Swiftlets are small sized birds, weighing between 6 to 40 g are found mainly 
in the South East Asian countries or regions within this geographical range– 
from Andaman and Nicobar Island in Indian Ocean to the coastal regions of 
Malaysia, Thailand, Vietnam, Palawan Islands in the Philippines and the 




















Figure 2 Map of EBN locations. Shaded in green are the areas where EBN has 
been sighted. 
 
Swiftlets are observed to have a grey brown appearance and they possess a 
pair of short legs, a short bill and a wide gape.
28
 They are creatures that exhibit 
colonial behaviour, thus it is not surprising that they are observed to be in 
large numbers in their nesting or hunting sites. Swiftlets are known to be 
capable of producing echolocating calls which aid them in hunting insects and 
navigating in total darkness.
29
 One of the most intriguing features of swiftlets 
is that they secret a viscous mucus and use its solidified form as a construction 
material for its nest to house their eggs and hatchlings.
30
 Furthermore, 
swiftlets are observed to be strongly affiliated to their nesting site, meaning 
that they would build their nest in the same site even if their nests are removed, 
either naturally or by man. The Aerodramus genus is known to be made up of 
four different types of swiftlets - A.  fuciphagus, A. maximus, A. maximus and 
A. unicolor.
31
 However, only EBNs produced from A. fuciphagus are selected 























AN EBN that has just been harvested is observed to be in a half bowl shape. 
Its curvature is made up of fine strands of solidified swiftlet’s saliva and 
numerous feathers while the ends are formed from thick and compact 
solidified secretions (Figure 3.). Such a structure enables the nest to withstand 
the weight of the swiftlets' eggs and hatchlings while staying firmly attached 
to the walls throughout the course of breeding.
33
 Upon measuring and 
confirming with the EBN suppliers regarding EBNs general dimensions, the 
unprocessed EBN is revealed to possess an approximate length of 5.0 – 10.0 
cm, breadth of 3.5 – 6.0 cm. Thickness at the curvature of the EBN stands at 
0.5 – 1.0 cm, thickness at the ends is about 1.0 – 2.5 cm and weighting about 








Figure 3 A picture of an unprocessed EBN. The dimensions are stated at the 











Although EBN is produced by the Aerodramus genus, this food item is 
observed to come in three kinds of coloration – white, orange and red (Figure 
4). This difference in the coloration has been an age-long mystery. One of the 
most popular hypotheses is that the red coloration is induced by the blood of 
swiftlets which are exhausted from the construction of their nests. Other 
speculations include the diet of the swiftlets and the oxidation of iron from the 
drippings of the limestone caves in which the swiftlets residue. Recently, a 
scientific explanation was proposed for the differences in the coloration. 
According to But et al., a nitrate gas originating from the swiftlets’ droppings 





Figure 4 EBNs of different colorations – (A) white (B) orange and (C) red. 
 
1.2.2. Production sites of EBN 
 
The production site of EBN must a reliable shelter to protect the swiftlets from 
adverse weather conditions and their predators. It should also preferably be 
close to the swiftlet’s food and water sources. Based on these criteria, swiftlets 
are often found to construct their nests in caves located at/near the coastal 





regions or tropical rainforests. In addition, EBN is mostly found on smooth 
surfaces of inward inclining cave walls, located at least 2.5 m above the 
ground and a minimal distance of 1 m away from the cave entrance. This type 
of environment is often inaccessible to humans, thus bamboo poles, climbing 
ropes and harnesses are some of the common equipments used to harvest EBN. 
The most famous nesting sites of swiftlets are known to be the Niah cave and  
the Gomantong cave, located respectively in the states of Sarawak and Sabah 
in Malaysia (Figure 2).
35
 These caves come in various shapes and sizes but 
they share a similarity of being dimly lit or in total darkness. This poor 
lighting condition provides an environment exclusive to a few animals such as 
swiftlets and bats acting as a natural form of protection against the swiftlet’s 
predators. Caves of the swiftlets are also well known for a strong ammonia 
smell, generated from the massive amount of swiftlet’s droppings accumulated 
on the ground. Although the droppings are a major deterrent to most creatures, 
especially humans, they are the main source of nutrient for insects. 
 
Besides the natural cave environment, EBN has been sighted in areas 
populated with humans. One of the contributing factors is that rapid 
urbanisation has reduced the choice of available nesting sites for these 
swiftlets, as such these creatures had to source for new nesting sites within the 
urban environment. Besides that, the increasing availability of deserted 
buildings during the Asian economic financial crisis (1997 – 1998) has also 
attracted the swiftlets to construct their nests in empty buildings that have been 
void of human activities for a long period of time.
36
 Furthermore, these 





dark, damp and cooling. There are also numerous hard concrete surfaces that 
serve as a platform for the construction of the swiftlets’ nests.  
 
The discovery of EBN in buildings prompted the locals to build more vacant 
buildings to increase these nest construction activities. Over the years, this 
organized and systematic approach to harvesting EBN has grown into a 
sizeable industry known as swiftlet farming. However, this has also brought 
about several problems for residents staying near to the swiftlet farms. Besides 
the awful smell coming from the swiftlets’ droppings, the loud chirping 
sounds produced by the swiftlets are deemed to be an intolerable disturbance 
to the residents.
37
 Thus, the EBN farms had to be shifted to the suburbs and 
their hygiene conditions are closely monitored by the local authorities to 
ensure the safety and quality of the harvested food item, at the same time 
making sure that they do not become a hazard to the surrounding 
environment.
38
 A picture of a typical EBN farm is displayed in Figure 5. 
 
 






1.2.3. Methods utilized to process the EBN 
 
Harvested EBN are not consumed directly as they contain alot of impurities 
such as swiftlets’ droppings, twigs and/or dirt. As such, they would have to 
undergo a series of processes to separate the impurities from EBN. These 
processes generally include cleaning (removing the swiftlet’s feathers and dirt 
from the EBN), moulding into a half bowl shape and drying prior to packaging 
as the sale food item.  
 
In the cleaning stage, the EBN is first soaked in clean water until it softens and 
the tightly bound laminae partially loosens. Large impurities (such as dirt and 
feathers) floating on the water are then removed from the water. Once the 
EBN is softened – usually after 1 to 2 hours of soaking in water, the leftovers 
are scooped out and small feathers and dirt are removed manually using a pair 
of tweezers. This is the most tedious and time consuming step in the cleaning 
of EBN. A magnifying glass would be used at times to pick out the small 
impurities or to visually inspect the cleanliness of the food item. Often in the 
workstation, another bowl of clean water is placed at the side so as to wash the 
tweezer during the cleaning process.  
 
Next, the EBN would be shaped into a half bowl structure with the aid of a 
plastic mould. To perform this task, the EBN is placed into the mould one 
strand at a time. After shaping, the food item is dried to remove excess 
moisture. Drying is generally performed with an oven and/or fan to ensure 





the market for sale. A graphical display of the processing method used to clean 











Figure 6 Graphical display of the processing method for EBN. (A) soaking of 
EBN in water (B) manual removal of the impurities from EBN (C) the moulds 
which shape the EBN into a half bowl shape. (D) the oven for the drying of 
EBN. 
 
Currently, there are no harmonized cleaning methods for EBN, thus it is not 
surprising that there would be slight modifications to the methods used by 
different suppliers. The methods stated in this section are an outline of the 
cleaning methods based on personal visits to an EBN cleaning factory.  A 
similar method would be applied to the cleaning of unprocessed EBN used in 










1.2.4.Economic importance of EBN 
 
EBN is an important export food item to many countries in South East Asia. It 
has been estimated that the trade of EBN earns up to several hundred million 
dollars (US dollars) in foreign exchange, making its production an important 
driving force to the economy of major suppliers like Indonesia, Malaysia and 
Thailand. The trade value of EBN has increased dramatically from 
approximately USD$170 million in 1989 to USD$380 million in 2004 and it is 
expected to grow further with the rising demands from East Asia countries.
39
 
Thus, in order to benefit from such trade growth, the Malaysian government 
has recently announced in the Malaysia Economic Transformation Programme 
that the EBN industry will receive prioritized public investment and policy 




Based on a personal communication with the retailers in Singapore, it was 
found that the retail value of EBN can go up to as high as USD$15 per gram 
of EBN. Thus, it is not unexpected to get reports on the adulteration of EBN 
with cheaper food items as the economic incentive is attractive.  
 
1.2.5.Health effects of the consumption of EBN 
 
Consumption of the food item known as EBN could be traced back to as early 
as the Tang dynasty in AD 618.
41
 This salivary secretion of the swiftlets has 
become popular because of the therapeutic effects claimed to be brought about 





properties of EBN was the Ben Cao Gang Mu written by Li Shizhen. To date, 
the consumption of EBN is believed by the Chinese community to be able to 
bring about effects: dissolve phlegm, relieve gastric troubles, aid renal 
functions, raise libido, enhance complexion, relieve asthma, suppress cough, 
cure tuberculosis, cure hematemesis, nourish the lungs, speed up recovery 
after surgery, strengthen the immune system, improve the growth of children, 




In the last century, many scientists have devoted their effort to studying the 
health benefits brought about by the consumption of EBN. Kong et al. 
discovered epidermal growth factor (EGF) in EBN and demonstrated that EGF 
is capable of stimulating the growth of cells.
43
EGF is known to play an 
important role in the proliferation, differentiation and survival of the cells. 
With the discovery of EGF in EBN, it provided the scientific evidence on the 
beautifying quality of EBN. EBN is also found to be able to inhibit influenza 
virus due to the presence of N-acetylneuraminic acid residue in the glycans of 
EBN.
44
As such, consumption of EBN has been suggested to be useful in the 
prevention of influenza viral infection. Recently, it is shown that the EBN is 
also capable of reducing the production of tumour necrosis factor-alpha and 
nitric oxide, improving bone strength, decreasing the rate of osteoarthritis, 
lowering food-borne pathogens activities, preventing age related degenerative 
disease as well as inducing the proliferation of stem cells and corneal 
keratocytes.
45-51
 Although the biological mechanisms have not been elucidated 





evidences that the consumption of EBN would be able to provide a wide range 
of health benefits.  
 
Despite the numerous health benefits, EBN was reported to be the most 
common cause for food induced anaphylaxis in the National University 
Hospital in Singapore. Studies indicated that a 66kDa protein in EBN, similar 
to egg white protein, was the main reason leading to the allergy.
52
 Besides 
anaphylaxis, the consumption of EBN has also been reported to have led to 
eczema exacerbation in children suffering from atopic eczema.
53
 Recently, a 
carcinogenic compound known as semicarbazide was detected in selected 
EBN products, which trigger the alarm on the safety on the consumption of 
EBN and its products in China.
22
 Another recent health scare incident involved 
the detection of nitrite in the EBN sold in China. Potassium nitrile and sodium 
nitrile are a common preservative used in food but the excess consumption of 
these chemical may result in cancer.
54
 This led to a ban in the import of EBNs 
from South East Asia countries from 2011 to 2013 to protect the consumers in 
China.
55
 In view of the potential health benefits and hazards from the 
consumption of EBN, it is important to develop analytical methods for the 











1.3.Analytical techniques applied for food authentication 
 
Food is a complex matrix made up of compounds which exist in different 
forms and with chemical nature.
56
 This requires sophisticated and high-end 
analytical instrument to detect and quantify compounds which have 
authentication properties in the food item. The international research group, 
TRACE has been established by EU to ensure the authenticity of food items 
from farm to fork. TRACE has demonstrated to be able to apply analytical 
techniques to authenticate food items such as olive oil, honey and lamb 
meat.
57-59
 Besides TRACE, other international research programs such as 
Metabolomics for Plants, Health and OutReach(META-PHOR) have also been 
developing new analytical methods for food authentication.
60
This provides 
additional confidence in applying analytical techniques to authenticate EBN.  
 
Analytical techniques that have been used in food authentication can be 
broadly divided into 3 categories – genetics-based technique, spectroscopic 
technique and chromatographic technique. A discussion on the advantages and 
disadvantages of their application on food authentication would be done in the 
later sections, with an emphasis on the chromatographic technique as it is the 
primary focus of this thesis  
 
1.3.1. Deoxyribonucleic acid based techniques 
 
Deoxyribonucleic acid (DNA) is a molecule containing the genetic codes of an 





exclusive to the organism. This makes it a feasible target molecule to assess 
food authenticity.  
 
A single DNA molecule codes for a large number of genes which makes it 
impractical to analyse the entire molecule. Nonetheless, it is feasible to utilize 
DNA by analyzing specific genes that are unique to the sample. This could be 
achieved with a technique known as polymerase chain reaction (PCR)which 
amplifies and replicates the genes.
61
 Besides the high selectivity of PCR, this 
technique is chosen due to its high throughput and simplicity in analysis. As 
such, food forensic scientists have applied DNA based techniques to 




However, this technique is restricted by temperature. DNA molecules degrade 
upon heating to a temperature of 100
 o
C or higher, resulting in an undetectable 
form.
65
 Thus, this technique is limited to food items that have not undergone 
any form of processing. DNA based techniques are able to detect minute 
amounts of DNA in the sample due to their amplification capability, making it 
an excellent analytical tool in the identification of species origin. On the other 
hand, the amplification capability leads to the inability of the technique to 
resolve between genuine samples and spiked samples. This implies that the 








1.3.2. Spectroscopic techniques 
 
Spectroscopic techniques are based on the interaction between the molecules 
with electromagnetic radiation. This is a generic term for methods which 
employ electromagnetic radiation- ultraviolet spectroscopy and infrared 
spectroscopy. With data obtained from spectroscopic techniques, information 
such as the molecular bonds, type of compound and/or molecular structure 
could be deduced. Besides the wealth of information obtained, spectroscopic 
technique is known to offer an analytical process which requires minimal 
sample preparation, short analysis time and  is non-destructive to the sample.
66
 
Thus, it is not surprising that this analytical technique has been commonly 





The main disadvantage of the spectroscopic technique lies in its selectivity of 
compounds as spectroscopic technique requires the targeted compound to be 
of a high purity percentage in order to identify it. This is usually not feasible 
as the matrix of food item is made up several types of chemical compounds. 
As such, identification of compounds by most spectroscopic techniques may 
be hindered, with the exception of NMR. This is because NMR is able to 
detect the small modifications to the external magnetic field caused by the 
surrounding molecules of a compound. However, the cost of utilizing such an 






1.3.3. Chromatographic technique 
 
Chromatographic techniques involve the separation of compounds in a matrix. 
The purpose is to perform qualitative and/or quantitative analysis of individual 
compounds in the matrix. There are two different types of chromatographic 
techniques being dependent on the state of the compounds introduced into the 
instrument – gas chromatography (GC) or liquid chromatography (LC).  
 
GC is a chromatographic technique used to analyze compounds which are 
volatile and thermally stable.
70
 However, a sample does not need to be in a 
gaseous state. This is because the sample could be first vaporized under high 
temperature prior introduction into the GC capillary column by the carrier gas. 
The carrier gas is usually an inert gas such as helium or nitrogen. Compounds 
in the sample are separated in the column based on the difference in the 
partition equilibrium of individual compounds with the stationary phase and 
the carrier gas. Since the separation involves the compound, stationary phase 
and carrier gas, factors such as the compounds’ chemical nature, nature of 
stationary phase and speed of carrier gas would directly influence the retention 
time of the compound. 
 
On the other hand, LC is a technique which is suitable for compounds which 
are non-volatile and/or degrade when they are heated at high temperature.
70
 A 
sample for LC analysis will be in its liquid state prior to analysis thus it could 
be mixed with the mobile phase directly prior entry into the column. 





of individual compounds with the stationary phase of the column and mobile 
phase. Although GC and LC function differently, both share a similar 
configuration starting with the chromatographic system, followed by the 
detector, and then the computer. The function of the detector is to translate the 
compounds into electrical signals that could be expressed as a graphical 
representation of time against signal. Furthermore, the detector could input 
another dimension into chromatogram, thus providing additional information 
on identifying the peak.  
 
Mass spectrometer (MS) is a detector which could be connected to both GC 
and LC – the hyphenated technique is known as GC-MS and LC-MS 
respectively. Its frequent usage is due to its capability of ionizing the 
compounds and subsequently detecting the masses of the ionized compounds. 
Regardless of the chromatographic platform the MS is connected to, the 
configuration of the detector consists of three parts – ion source, mass 




Figure 7 General configuration of the mass spectrometer for GC and LC. 
 
Different types of ionization methods are employed in GC and LC. Electron 
impact (EI) is one of the most frequently used methods in GC to ionize 
gaseous compounds. During ionization, a voltage of 70 eV is supplied to the 
tungsten filament so that electrons could be produced. These high energy 
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electrons would collide with the gaseous compounds and cause the formation 
of fragment ions.
71
 As such, EI is often termed as ‘hard’ ionization as no 
molecular ions are formed during the process. The fragment ion spectra 
generated could be compared with commercial libraries or standards to verify 
the identity of the compound. In contrast, electrospray ionization (ESI) is the 
more common ionization method for LC. The solution entering ESI is 
dispersed as an aerosol, then being stripped off its solvent with the use of 
nebulizing gases such as nitrogen to form a small droplet. The desolvation 
process would carry on until the droplet is reduced to a size such that the 
repelling coulombic force is larger than the surface tension holding the droplet 
together, which in turn triggers a the coulombic explosion. This would either 
yield smaller sized droplets or ions. In the former case, the droplet would have 




In order to identify the ions, a mass analyzer is utilized so that ions can be 
separated based on their mass to charge ratio (m/z).Although there are a few 
types of mass analyzers, all of them have to be operated in vacuum. In this 
thesis, the mass analyzers that are employed are single quadrupole, triple 




As its name suggests, the single quadrupole is made up of four metal rods, 
aligned parallel to each other. In this mass analyzer, a specific direct current 
(dc) voltage and a radio frequency (rf) voltage are applied to the metal rods so 
as to guide the selected ions to the detector while the rest of the ions would 





the single quadrupole, but the configuration of the mass analyzer starts with a 
single quadrupole followed by a mass collision cell and then another single 
quadrupole. This permits the selection of an ion, followed by further 
fragmentation of the selected ion, and finally selecting the daughter ions 
formed in the collision cell. Similarly, the IT applies a dc voltage and rf 
voltage to the ring and end electrode to create an oscillating electric field to 
separate the ions However, the IT would trap all the ions in the center of the 
mass analyzer and then forces the ions that are not of interest out of the ion 
trap. On the other hand, TOF accelerates all the ions with an electric field so 
that the ions would have the same kinetic energy. These ions would travel 
along a vacuum tube and they would be differentiated by the time in which 
they arrive at the detector where ions with lower m/z are considered faster and 
vice versa. 
 
It is also critical to have a mass detector to convert the ions into electrical 
signals. A mass detector known as electron multiplier is used for this purpose. 
The dynodes in the mass detector would generate electrons upon ion 
impingement. These ions are then multiplied as they pass through the dynodes, 
thereby amplifying the electrical signal which is sent to the computer.The use 
of GC and LC coupled with mass spectrometers, GC/MS and LC/MS 
respectively, has been widely applied in all issues involving authenticity of 








Table 1 Examples of food authentication with the use of GC/MS and LC/MS. 
Analytical  
Platform  
Food  Application  
GC/MS  Fish  
Authenticate different Mediterranean fish species 





Determination of the geographical origin of 









LC/MS  Fruit juice 
Differentiation of orange, apple and grapefruit 





Differentiation of trappist beer and other brand of 
beers using metabolite fingerprinting.
77
 
  Olive oil  





1.4. Multivariate data analysis 
 
With the use of modern analytical instruments, it is not unusual to observe the 
analysis of one sample would generate thousands of signals within a short 
period of time. The advancements in analytical instruments, brought about by 
factors such as improvements in technical specifications of the 
chromatography instruments and the increase in sensitivity of the detectors, 
greatly improved the throughput of the analysis; at the same time this makes 
the interpretation of the obtained data more challenging. Besides that, detected 
variables are likely to be correlated to each other.  Thus, it is no longer valid to 
rely solely on classical statistical methods such as Student’s t-test and analysis 





these statistical methods assume that the variables are independent. In view of 
the complexity and size of the data, multivariate data analysis is employed as 




In multivariate data analysis, samples’ datasets are initially viewed as points in 
a multidimensional space - dimensions of the space are in accordance with the 
number of variables (n). In order to interpret the data with ease, the 
dimensionality is reduced. To perform the task, a hyper plane with a few axes, 
known as principal component (PC), is constructed. These PCs are new 
variables which are formed on the basis of the linear combinations of the 
variables in the data set and they determine the number of dimensions of the 
hyper plane. Subsequently, points in the multidimensional space are projected 




Prior to using the multivariate analysis, a workflow is established so that the 
analysis could be conducted in a systematic way. The general workflow for 
multivariate analysis is shown in Figure 8. Firstly, a group of samples known 
as the model set would be utilized to establish the multivariate model. This 
group of samples is selected to account for any possible analytical variations. 
Data from the model set is then subjected to data pre-processing such as 
normalization and scaling prior to multivariate analysis to ensure the   
accuracy of a multivariate score plot as a representation of the samples. Next, 
the type of multivariate model is selected. There are generally two types of 
multivariate model – unsupervised and supervised model, which would be 





independent set of samples known as prediction set is utilized to validate the 
model. An excellent prediction result would prove that the model is accurate 








Scaling is a data transformation process which involves changing the weights 
of the variables.
81
 This is necessary as the data obtained may differ by orders 
of several magnitudes. In such cases, the variables with high signals would 
dominate the established model even thou they might not be responsible for 
the variation between the samples. This would in turn lead to problems such as 
misclassification of samples and/or misinterpretation of the data. However, 





Prior to the scaling of the variables, mean-centering would be applied to all the 
variables. In mean-centering, the variable   is subtracted from the average of 
the variable    . This ensures that the scaling is conducted only on the 



















There are three main types of scaling methods – unit variance (uv) scaling, 
pareto (par) scaling and no scaling.  Generally, scaling divides each variable 
by a scaling factor, and thereby changing the degree of fluctuations in 
different variables when they are expressed as a value relative to the scaling 
factor   Uv involves dividing the mean-centered variable by the variable’s 
standard deviation   . As a result, the influence of the variables with large 
fluctuations is reduced while those with small fluctuations will be amplified. 
Such approach is useful when variables with small fluctuations are more 
informative since the model is now no longer dominated by variables with 
large fluctuations. On the other hand, in no scaling, the variables only undergo 
mean centering. As such, the model would be greatly influenced by variables 
with large fluctuations. Par scaling is a compromise between the two 
aforementioned types of scaling. It involves dividing the mean-centered 
variable by the square root of the variable’s standard variation. Upon scaling, 
the variables are adjusted to the same effect as uv scaling but with a lower 
impact due to the difference in the scaling factor. The formulae of the uv, par 
and no scaling are displayed below in equation (1), (2) and (3) respectively.   
  
    
 
    
  
    
  
    
         
where  is the scaled variable,   is the original variable from the data set,  is 






1.4.2. Unsupervised model 
 
Unsupervised models are multivariate models that do not have any prior 
information on the class membership of the samples. It is often constructed 
before the supervised models to provide an overview of the data trend and 
outliers.
83
 There are several types of unsupervised models in multivariate 
analysis such as principal component analysis (PCA) and hierarchical 
clustering, however, PCA would be the focus in this thesis. 
 
After scaling, the data set is expressed as a data matrix X which is made up of 
N rows and K columns, representing the samples and variables in the original 
data set respectively. Since PCA is a form of multivariate analysis, it is 
capable of reducing the dimensions of the data matrix X down to a very small 
number of PCs- the number of PCs is generally fewer than the number of 
variables in the data. PCs are orthogonal axes of the PCA score plot which 
determines the greatest variance in the multidimensional X space. This implies 
that each successive PC would explain as much as possible the variance 
unaccounted by the previous PCs. This PC formation process will carry on 
until all or most of the variances of the data matrix X have been accounted for. 
In addition, the PCs are deduced using linear least square method and they 
would have to pass through the center of the multidimensional X space.
84
 The 
X matrix could be expressed as Equation (4):  
                                   
where T is a score matrix for the variables in the data matrix X and the loading 





the residual variance matric of the data matrix X and it explains the variance 
which is not represented by the PCs.  
 
Graphically, the PCA score plot is illustrated as a plot with the PC axes 
labelled by the letter t followed by the PC number, eg. the first PC axis is t[1]. 
To evaluate whether an over fitting model has been constructed, model 
performance parameters such as goodness of fit (R
2
) and goodness of 
prediction (Q
2
) are utilized. R
2 
accounts for the amount of variance in the data 
matrix X explained by the PC. Meanwhile, Q
2 
illustrates the predictive 
capabilities of the model calculated based on Z fold cross-validation of the 
data matrix, where Z is taken as 7 which is the default value in the statistical 
software used in this thesis. In the cross validation, data matrix  X is divided 
into 7 portions, with 6 portions being used to establish a score plot while the 
remaining portion serves as the prediction set.
85
 This process is repeated until 





vary between 0 and 1, where 1 indicates a perfect fit for 
the model. In addition, they are applicable to both the unsupervised and 





 is presented as Equation (5) and  (6): 
       
     
     
                          
       
        
     
                  
where SS denotes the sum of square, and PRESS denotes the predictive 
residual sum of squares. E and X are the residual matrix of X and the data 






Besides observing data trends, it is also interesting to understand how the 
scores (t) are related to the X variables. As such, the loading plot is used to 
deduce the variables responsible for the observations in the score plot. This is 
because the loading plot has the same shape as that of the score plot, meaning 
that the positioning of the scores and loading is correlated. The loadings for 
each variable are calculated by applying the mathematical function consine to 
the angle between the axes in multidimensional X space and the PC.  Thus, the 
axis in the loading plot would have a range of 1 to -1, where 1 indicates 
variable with a strong positive impact while -1 denotes the variable with a 
strong negative impact.
86
 Examples of the applications of PCA and its loading 
plots are summarized in Table2. 
 
1.4.3. Supervised model 
 
Supervised models are multivariate models which take into account the class 
membership during the construction of the model. As such the class of each 
sample has to be identified prior to the construction of the model.
87
 In this 
thesis, the supervised models, which would be discussed in detail, are 
projection to latent structure (PLS), projection to latent structure discriminant 
analysis (PLS-DA) and orthogonal projection to latent structure discriminant 
analysis (OPLS-DA).  
 
PLS is a multivariate technique which attempts to find a quantitative 
relationship between two data matrixes, X and Y.
88





up of the signals from the variables while data matrix Y contains continuous 
variables of the sample. Similar to PCA, PLS determines a hyper plane of a 
lower dimension than the multidimensional X space. However, this hyper 
plane is constructed in a manner that the projected X in the hyper plane would 
be a good predictor of Y.
89
As such, the PCs of PLS score plot may not agree 
with the highest variance of the data matrix X. Since a PLS score plot is 
constructed based on the data matrix X which is correlated to data matrix Y, 
PLS can be represented by equation (7) and (8):  
                                (7) 
                                    
where T is the score matrix of X, P is the matrix of weights describing the 
correlation between X variables and T, while C is the matrix of weights 
describing the correlation between Y variables and T. E and F are the residual 
variances for the data matrix X and Y respectively.  
 
PLS is used to derive a calibration plot known as PLS regression. In this 
calibration plot, the y axis is represented by YVar and illustrates the values 
representing the continuous variables of the sample. On the other hand, the x 
axis is known as YPred and it shows the predicted values of the continuous 
variables based on the X variables. The application of PLS regression is often 
found in cases which require the prediction of continuous variables of the 
sample from a given set of X variables. A list of the applications of PLS 










, new calibration 
parameters are required for the assessment of the quality of PLS regression. 
These calibration parameters are known as root mean square error of 
estimation (RMSEE) and root mean square error of prediction (RMSEP).
86
 
RMSEE is the measure of precision of the PLS regression using the model set. 
On the contrary, RMSEP indicates the precision of the PLS regression against 
the external prediction set. In both RMSEE and RMSEP, parameters with 
values closer to zero indicate that the PLS regression has a higher precision. 
RMSEE and RMSEP are computed with Equation (9) and (10). 
        
                   
       
    
        
                      
 
     
where YVar denotes the Y values from the training set, YPred denotes the 
predicted Y values from the training set, YVarPS denotes the Y values from 
the prediction set and YPredPS denotes the predicted Y values from the 
prediction set. N and M represents the number of samples in the training and 
prediction set respectively while A represents the number of PCs.  
 
PLS could also be applied in discriminant analysis. In this case, it would be 
known as PLS-DA. PLS and PLS-DA are similar in terms of their calculation 
except for the data matrix Y. In PLS-DA, the data matrix Y is made up of 
dummy variables in binary codes – either zero or one. This is because Y 
matrix is generally made up of discrete variables which require numerical 





sample will take on a value of one for a Y variable while the remaining Y 
variables will be given a value of zero in order to be assigned to a particular 
class. In comparison to PCA, PLS-DA involves the determination of the 
maximum covariance between the data matrix X and Y while PCA finds the 
maximum variance only in data matrix X. Thus, the PLS-DA score plot is able 
to maximise class separation as well as minimising the variation within the 
class which PCA might not be able to achieve.
90
 As a result, PLS-DA is often 
favoured over PCA in terms of class separation and is frequently seen in the 
application of food classification (Table 2) 
 
OPLS-DA is a multivariate method based on modifications of PLS. The 
development of the OPLS-DA involves a two steps process. Firstly, the 
OPLS-DA uses the information in Y to break down X into two parts, one 
describing the correlation of X and Y and the other describing the systematic 
variation in X that is orthogonal to Y. These two parts are commonly known 
as the predictive variation and orthogonal variation respectively. Next, the 
orthogonal variation is removed for the data matrix X and the remaining 
portion is utilized for the construction of the OPLS-DA score plot.
91
 OPLS-
DA could be expressed with equation (11) and (12). 
       
      
                    
                                               
                                   
where   describes the predictive score matrix for X,   
  denotes the matrix of 
weights describing the correlation between X variables and predictive score 
matrix    ,    describes the Y orthogonal score matrix,     denotes the matrix 





score matrix   ,    denotes the matrix of weights describing the correlation 
between Y variables and predictive score matrix   . E and F is the residual 
matrix of the data matrix X and Y respectively.  
 
In comparison to PLS-DA, OPLS-DA requires lesser PCs to relate to the data 
matrix Y due to the removal of the orthogonal variation. This would lead to 
the establishment of a simplified model with a smaller prediction error in 
OPLS-DA.
92
 Besides that, OPLS-DA would rotate the PCs so that the majority 
of the class discrimination would be observed in the first predictive PC. This 
reduces the complexity of interpreting the score plot and loading plot in 
OPLS-DA.
93
 Adding to OPLS-DA advantages, this multivariate technique 
could also break down the orthogonal variation independently to obtain 
information within class variation, thereby permitting the establishment of 
more insightful information on the samples. Being a promising multivariate 
technique for sample discrimination, the application of OPLS-DA is noted in 



















Food  Application  
PCA Coffee 





Hazelnut  Differentiation of raw from roasted hazelnuts.
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Chocolate  Predicting the amount of lard in chocolate.
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PLS-DA Spices  










OPLS-DA  Honey  




  Tomato 















1.5. Scope of thesis 
 
EBN is a food item that has been highly prized due to its perceived health 
benefits through consumption.
43, 44
 Clinical trials on the benefits of EBN 
consumption have proven that it would promote the proliferation of human 
stem cells.
50
 This resulted in numerous dubious cases of fraud cases of this 
food item in recent years. To address the complex authenticity issues on EBN, 
this thesis endeavours to explore feasible analytical methods and multivariate 
data analysis to authenticate EBN. 
 
Identification of EBN is a crucial issue as it entails the determination of the 
species origin of a food item, thereby preventing the mislabelling of EBN. 
Amino acid and monosaccharide analysis were employed as the analytical 
methods to analyze EBN. With the aid of multivariate data analysis like PCA, 
the signature for each type of analysis would be established in hope of 
identifying food items that are labeled as EBN. The signature would also be 
compared against samples which are suspected to have a similar amino acid 
and monosaccharide content to EBN to prove that the signature is an exclusive 
one for EBN.  
 
Classification of EBN is also another approach to authenticating EBN. In this 
part of the thesis, the possibility of classifying EBN in terms of coloration, 
country of origin and production site would be explored. Metabolite 
fingerprinting is utilized as the analytical method to analyze EBN. This 





single analysis, thus offering a high possibility of detecting compounds that 
are able to discriminate EBN from various classes. The data obtained from 
metabolite fingerprinting would be subjected to multivariate data analysis to 
establish the difference between the various classes of EBN and also to offer a 
logical explanation for their differences.  
 
The adulteration of EBN, with a focus on organic adulterants, is the final food 
authenticity issue that would be looked into in this thesis. In this part of the 
thesis, discrimination of genuine EBN and EBN spiked with adulterants is 
sub-divided into qualitative and quantitative discrimination. In qualitative 
discrimination, the type of data pre-treatment, multivariate data analysis and 
analytical methods would be explored to determine the ideal combination for 
the detection of spiked EBN. Further, the correlation between the analytical 
methods and PLS regression would also be established to determine which 





CHAPTER 2. IDENTIFICATION OF EDIBLE BIRD’S NEST WITH 




In spite of the long history of consuming EBN dating back to 618 AD, the first 
scientific study on EBN was conducted only in the early 20
th
 century to 
determine the composition in the food item.
102
 It was revealed in the study that 
the largest compositional fraction of EBN is protein, followed by carbohydrate. 
As such, the identification of EBN in the early days made use of classical 
methods like the Kjeldahl method to measure the protein content.
103
 The use 
of classical methods for identification of food item is often deemed as 
laborious and time consuming. In addition, the Kjeldahl method suffers a 
major disadvantage of being easily manipulated by the addition of nitrogen-
rich compound as reported in the 2008 Chinese melamine food scandal.
104
 
Hence, many new analytical methods have been developed, especially in the 
last decade, to identify EBN. These analytical methods can be divided into 3 
categories – molecular biological methods, chemical analytical methods and 
elemental analytical methods. 
 
Molecular biological based methods such as PCR, electrophoresis and 
enzyme-linked immunosorbent assay (ELISA) have been reported to be 
applied to identify EBN. An example is Dong et al. who made use of PCR to 
ascertain the presence of EBN’s DNA so as to identify the food item.105  





marcomolecule in EBN – protein. In the study made by Houdret et al., it was 
demonstrated that electrophoresis was capable of isolating the protein in 
EBN.
102
 Although limited information was collected on the protein of EBN, 
this study laid the foundation for future work on EBN’s protein.  Recently, 
Yang et al. demonstrated the use of sodium dodecyl sulphate polyacrylamide 
gel electrophoresis (SDS-PAGE) to isolate two major protein molecules in 
EBN(106 KDa and 128 KDa).
106
 After that, Yang et al. went on to perform a 
detailed analysis on the proteomic profile of EBN using two-dimensional 
electrophoresis (2-DE).
107
Yang et al. also utilized ELISA to detect two unique 
EBN’s proteins so as to identify the food item.106 Though the use of molecular 
biology based methods in identifying EBN has been successful to some 
extents, these methods have a restriction - the food item of interest must have 
intact biological molecules for detection, which is often not feasible in the 
case of a heavily processed food item like EBN.  
 
The chemical analytical methods can be further divided into two sub-
categories according to the type of analytical techniques spectroscopy and 
chromatography.  In the case of spectroscopic techniques, an analytical 
instrument known as NMR is often utilized due to its capability of elucidating 
the structure of novel compounds. With the use of spectroscopic methods, 
novel sialic acid derived compound and different types of glycans, such as 
glucosaminoglycans N-linked glycans and O-linked glycans, have been 
identified in EBN.
108-112
 Analytical techniques based on chromatography 
involve the separation of compounds with the use of a range of analytical 





application of the GC and LC based analytical platforms have been reported in 
several studies to be able to determine a diverse class of compounds such as 




In elemental analytical methods, atomic absorption spectrometer (AAS) and 
inductively-coupled plasma mass spectrometry (ICP-MS) have been used to 
detect and quantify the elements in EBN. Matan et al. demonstrated the 
potential of using AAS and ICP-MS to profile the elements in EBN so as to 
identify the food item.
116
 While the use of chemical analytical methods and 
elemental analytical methods is useful in identifying EBN, the major problem 
to the studies employing these methods lies in the inadequate number of 
samples to represent the entire spectrum of EBN. In view of the limitations 
and drawbacks of current studies, it is important to develop a new approach to 
identifying EBN.  
 
Amino acids and monosaccharides are promising candidates for the 
identification of EBN as they are the monomeric constituents of proteins and 
carbohydrates in EBN.
117, 118
 EBN is a food item that undergoes a series of 
man-induced processes prior to its sales in the market as mentioned in the 
earlier chapter.
119
 These processes are likely to trigger the denaturation and 
break down of the polymers, protein and carbohydrate, which would cause 
inaccuracy in their quantitation of the polymers. The determination of both 
amino acids and monosaccharides is a relatively complex process, consisting 
of three main steps: hydrolysis of samples to liberate the monomers, 







 This is because amino acids and monosaccharides are 
relatively stable even when the samples are soaked in water and/or subjected 
to heat.
121, 122
 Additional information on the type of protein and carbohydrate 
could also be provided by the analysis of amino acids and monosaccharides. 
Hence, amino acid and monosaccharide analysis are selected for this chapter, 
informed by the various above mentioned factors.  
 
The analysis of amino acids and monosaccharides in EBN has been on-going 
for more than a decade, with most analyses focusing on the measurement of 
common amino acids and monosaccharides originating from protein and 
carbohydrate. As such, the amino acids and monosaccharides that are not 
generally detected in protein and carbohydrate will also be taken into account 
in this chapter.
123, 124
 This would permit the understanding of different types of 
protein and carbohydrate molecules existing in the EBN, thus increasing the 
analytical significance of this chapter.  
 
The aim of this chapter was to demonstrate the potential of amino acid and 
monosaccharide analysis, combined with multivariate data analysis, to 
establish a Hotelling T2 range plot. This plot was used to identify whether a 
sample is EBN or not based on species origin. The practical applicability of 
the Hotelling T2 range plot was evaluated with different types of EBN and 
samples suspected to possess a similar matrix to EBN(non-EBN). Furthermore, 
EBN was compared with other food items rich in protein and/carbohydrate to 
assess the nutritional value of the former. This comprehensive study of the 





new approach to identifying EBN, but also offer insightful information on the 
monomers (amino acids and monosaccharides) and polymers (protein and 
carbohydrate) of EBN.  
 
2.2. Materials and methods 
2.2.1. Information on the samples 
 
In this chapter, a total of 138 analyses were conducted on the EBN. These 
EBNs were obtained from different suppliers in the local and overseas markets 
so as accurately represent the entire spectrum of the food item. All EBNs used 
in this chapter had been processed prior to the analysis. Three biological 
replicates of each EBN sample were performed in this chapter to ensure the 
precision of the results. 
 
The non-EBN samples including milk, chicken egg yolk, chicken egg white, 
quail egg yolk and quail egg white were obtained from the local retailers. The 
rest of the non-EBN samples including fetuin, infant formula and human 
salvia were obtained from various sources. Fetuin from fetal bovine serum was 
purchased from Sigma-Aldrich (St Louis, MO) while the standard reference 
material infant formula, T2562, was purchased from FAPAS. The human 








2.2.2. Chemicals and materials 
 
Amino acid standards and the amino acid derivatization kit (EZ: faast
TM
 GC-
FID amino acid analysis kit) were purchased from Phenomenex. Several 
chemicals were provided in the EZ: faast
TM
 kit. They were internal standard 
solution (norvaline), sodium carbonate, sodium hydroxide, N-propanol, 
derivatizing agent (chloroformate-type compound), isooctane and 
hydrochloric acid solution.  The standard used consisted of the following 17 
amino acids: alanine (1), glycine (2), valine (3), leucine (4), isoleucine (5), 
threonine (6), serine (7), proline (8), aspartic acid (9), methionine (10), 4-
hydroxyproline (11), glutamic acid (12), phenylalanine (13), lysine (14), 
hydroxylysine (15), tyrosine (16) and cysteine (17). The bracket beside the 
name of individual amino acids contains the labels of amino acids in their 
chromatogram. The standards were stored in a freezer while chemicals in the 
kit were stored in a refrigerator at 4 °C prior to their usage.  
 
The chemicals - 1-phenyl-3-methyl-5-pyrazolone (PMP) and trifluoroacetic 
acid were obtained from Aldrich (St. Louis, Missouri, America). Acetic acid 
was obtained from Merck, Darmstadi, Germany while hydrochloric acid was 
purchased from Normapur. Ammonia hydroxide was purchased from Panreac, 
Barcelona. Ammonia acetate (99.7 % purity) was obtained from Hayashi Pure 
Chemical Industrial Company, Osaka, Japan. The 7 monosaccharides –
mannose (1), glucose (2), galactose (3), rhamnose (4), fucose (5), ribose (6) 
and xylose (7), used in the working standards were purchased from Sigma 





individual monosaccharides contains the labels of monosaccharides in their 
chromatogram. The internal standard for the monosaccharide analysis (D-
glucose-
13
C6) was purchased from Cambridge Isotope Laboratories, America. 
All the other reagents utilized were of analytical grade. 
 
2.2.3. Amino acid analysis 
 
Five milliliters of concentrated hydrochloric acid (6 N) was used to hydrolyze 
0.2 g of EBN for 24 hours. The hydrolyzed sample was filtered into a round 
bottom flask before evaporating it to dryness. The dried extract was 
reconstituted with 10 mL of 0.1 N hydrochloric acid and was stored in a 
refrigerator at 4 °C prior to derivatization.   
 
Fifty microliters of the reconstituted sample were pipetted into a 1-mL vial 
and topped up to 1 mL with 0.1 N hydrochloric acid. After that, 100 L of the 
diluted solution and 100 L of internal standard were pipetted into a sample 
preparation vial and vortexed for 1 min. Then, a 1.5-mL syringe with a sorbent 
tip was immersed into the mixture solution. The mixture solution was drawn 
up the sorbent tip by pulling the syringe piston slowly to ensure that the amino 
acids in the mixture solution were attached to the sorbent. Next, 200 L of 
deionsied water was added into the same sample preparation vial and was also 
drawn up the sorbent tip slowly. This step was to make sure that no amino 






Subsequently, the 1.5-mL syringe was replaced with a 0.6-mL syringe. Close 
attention had to be paid to ensure the sorbent tip remained in the sample 
preparation vial at all times during the change of syringe. Next, a mixture 
solution of sodium hydroxide and N-propanol - consisting of 1 portion of N-
propanol to 1.5 portion of sodium hydroxide, was prepared. Two hundred 
microliters of the mixture solution of sodium hydroxide and N-propanol were 
pipetted into the sample preparation vial. After that, the mixture solution was 
drawn up the 0.6-mL syringe and then all the liquid and sorbent particles were 
ejected into the sample preparation vial.   
 
Next, 50 L of the derivatizing agent was added to the mixture following by 
100 L of isoctane. The mixture was vortexed for 0.5 min after each reagent is 
added to into the preparation vial. Finally, 100 L of hydrochloric acid 
solution was introduced into the preparation vial and vortexed for another 0.5 
min. The emulsion was allowed to stand for 1 min so that two distinct layers 
would appear. The upper layer was then transferred into a 1-mL vial with a 
glass pipette for analysis. The amino acids standards used for the construction 
of the calibration curves were also derivatized in the same way as the sample 
prior to GC-FID analysis.  
 
Analysis of the amino acids was performed on a Hewlett Packard 6890 Series 
GC system coupled to an Aligent Technologies 7683 series injector and flame 
ionisation detector (FID). The Zebron ZBAAA (10 m x 0.25 mm capillary GC 
column) was used for the GC separation. The carrier gas (helium) had a flow 





110 °C and to increase at 32°C per min to 320°C. The FID detector 
temperature was set at 320°C.  Two microliters were injected by an auto 
sampler at an injection temperature of 250°C and a split level of 1:2.  The 
software Chemstation was used to analyse the results obtained from the amino 
acid analysis. Result for each detected amino acid was normalized by dividing 
its concentration against the total concentration of all the 17 amino acids in 
that sample prior to exporting to multivariate analysis.  
 
2.2.4. Monosaccharide analysis 
 
Two milligrams of EBN were hydrolyzed in 2.0 mL of trifluoroacetic acid 
(2M) at 120 °C for 4 hours. After that, the hydrolyzed solution was cooled to 
room temperature prior to filtration into a round bottom flask with a 0.45 µm 
PTFE filter. Next, the hydrolyzed solution was evaporated to dryness and the 
dried extract was reconstituted with 3 mL of water.  
 
Two solutions – 0.75 M of PMP dissolved in methanol and 50:50, v/v 
ammonium hydroxide to deionized water, were prepared for the derivatization 
reaction. Seven hundred and fifty microliters of PMP solution, 450 μL of 
ammonia hydroxide and 10 μL of the internal standard (100 mg/L) were added 
to 150 μL of the reconstituted monosaccharide solution. The mixture solution 
was then vortexed and incubated in a heating block at 70°C for 2 hours to 
permit derivatization to occur.  Then the mixture solution was evaporated to 





was reconstituted with 150 μL of ACN and 850 μL of water prior to sending it 
to liquid chromatography tandem mass spectrometer (LC/MSMS) for analysis. 
 
The calibration standards for the monosaccharide analysis were also 
derivatized in a same manner. A stock solution of mixture (100 mg/L) of 7 
monosaccharides (mannose, glucose, galactose, rhamnose, fucose, ribose and 
xylose) and an internal standard solution (100 mg/L) of D-glucose-
13
C6 were 
prepared with deionized water prior to the analysis. All solutions were stored 
in the refrigerator at 4 °C until they were needed.  
 
The analysis of monosaccharides were carried out on an Agilent 1100 LC 
system coupled to an API 3000 Q-Trap LC/MSMS with Turbolon Spray  
source (Applied Biosystems, Foster City, CA, USA). The analytical column 
Inertsil HPLC column (ODS-3, 3 μm particle size, 3 mm I.D. x 100 mm) 
produced by G.L. Sciences, Tokyo, Japan was used for the separation of the 
monosaccharides. The injection volume was 10 μL. Elution was carried out 
with a flow rate of 0.35 mL / min at 25
 o
C. The mobile phase consisted of 100 
mM ammonia acetate (pH 6.9) with (A) 0 % of acetonitrile and (B) 60 % 
acetonitrile. The condition of the mobile phase was follows: 30 to 35 % B (0.0 
-25.0 min), isocratic at 35 % B (25.0 -30.0 min), 35 to 55 % B (30.0 -50.0 
min), 55 to 30 % B (50.0 -50.1 min), isocratic at 30 % B (50.1 -55.0 min). The 
mass spectrometer (MS) was equipped with an electrospray ionization 
interface operating in the positive mode. The MS parameters such as the multi 
reaction monitoring (MRM) transitions, declustering potential (DP), collision 





focusing potential (FP) are stated in Appendix 1. The electron spray ionization 
(ESI) temperature was 100 °C while the ion spray was maintained at 5500 V 
and the curtain gas pressure was maintained at 10 mbar. The software Analyst 
Software 1.4.2 was utilized to analyze the results obtained from the samples. 
The concentration of each monosaccharide was normalized against the total 
concentration of all 7 monosaccharides within the same sample before 
exporting for multivariate analysis.  
 
2.2.5. Statistical analysis 
 
The normalized data from the amino acids analysis and monosaccharides 
analysis were exported to SIMCAP+ software package version 13 (Umetrics, 
Umea, Sweden) for the construction of their respective principal component 
analysis (PCA) score plots. Significance calculation was based on a two-tailed 
Student's t-test performed with Microsoft Excel software (Microsoft 
Corporation, USA). Compounds with p > 0.05 are considered to have no 
significant difference.   
 
2.2.5. Hotelling T2 range plot 
 
A numerical representation of the PCA prediction model, Hotelling T2 range 
plot was utilized to visualize the T2 range values of the samples. This 
Hotelling T2range plot is a plot of T2 range value of the samples from the first 
principal component to the last principal component selected for the 
construction of the score plot.
125





statistically calculated value known as the T2 critical value to determine the 
presence of outliers at a particular level of confidence. The T2 critical value is 
a numerical representation of the confidence region in the PCA prediction 
model, referred to as the Hotelling T2ellipse. As such, any sample with a T2 
range value larger than the T2 critical value implies that it is significantly 





The data for this chapter was divided into model set and prediction set. The 
model set was used to establish the Hotelling T2 range plot for EBN thus the 
selection of EBNs in this group played an extremely crucial role in the success 
of the study. EBNs for the model set were collected at random by the authors 
from an EBN farm located in Johor Bahru, Malaysia to ensure the integrity 
and quality of the food item from farm to fork.  The model set also included 
biological replicates of the EBNs to factor in the variation of the analytical 
method.  This was to ensure that samples which are dissimilar from the model 
set could only be attributed to differences in the samples rather than variation 
in the analytical method. The prediction set consisted of EBNs obtained from 
the same source as the model set. The prediction set was utilized to determine 
the optimal scaling method to be employed for the construction of the 
Hotelling T2 range plot. The established Hotelling T2 range plot was then 
evaluated with different types of EBN – EBN with different coloration, 
originating from different countries and/or cleaned with different processing 
methods. In addition, the evaluation was further extended to samples which 





2.3. Results and discussion 
2.3.1. Development and validation of an analytical method for the 
monosaccharide analysis of EBNs 
 
In this chapter, two different types of analysis - amino acid analysis and 
monosaccharide analysis were utilized to examine EBN. The analytical 
method used to determine amino acids was a well-established one. It has been 
demonstrated by Ruiz et al. that the accurate quantitation of amino acids could 
be performed within a short analysis time of 10 mins with GC-FID.
127
 Hence, 
this analytical method was employed in this chapter for the quantification of 
the amino acid content in EBN. On the other hand, the analysis of 
monosaccharides was not as straight forward as the amino acids. Studies have 
revealed that the monosaccharides originated mainly from the glycans of 
EBNs.
110, 112
 As such, it is expected that the different monosaccharides may 
differ by a few order of magnitude due to the minute presence of several 
monosaccharides in the glycans.
109
 Thus, the analytical method employed to 
analyze the monosaccharides should take into account this fact. However, at 
the moment, most analytical methods do not possess the required dynamic 
range to quantify the monosaccharides in EBN.
128
 In addition, low resolution 
and long analysis time often hinder the accuracy and efficiency of the 
available analytical methods.
129
 Hence, a new analytical method would have to 







Acid hydrolysis was performed to release the monosaccharides in this chapter. 
This is an indiscriminating method which implies that monosaccharides would 
be released from all the oligosaccharides and/or polysaccharides in EBN.
130
 
Hence, besides the quantitation of common neutral monosaccharides in 
glycans - mannose, glucose, galactose, fucose, and xylose, it is also important 
to include monosaccharides like rhamnose and ribose as they exhibit a high 
possibility to be in oligosaccharide and/or polysaccharide.
131
 After the 
liberation of monosaccharides, an analytical platform is required for the 
chromatographic analysis. GC has the advantage of resolving the derivatives 
of the monosaccharides but they are found to be unstable when exposed to 
moisture and would produce multiple peaks for a given sugar which 
complicates the analysis.
132
 On the other hand, in LC the derivatives of 
monosaccharides are relatively stable in water but its major disadvantage lies 
in the low chromatographic resolution.
133
 With the information gathered, 
LC/MSMS in MRM mode was selected to analyze the monosaccharides of 
EBN as this analytical platform was able to make use of the advantages 
provided by both the gradient flow of the mobile phase and the MRM mode to 
improve the resolution and sensitivity of the analysis.  
 
However, it has been reported that MS detection would not be able to achieve 
the dynamic range for monosaccharide analysis as monosaccharides have poor 
MS/MS fragmentation.
134
 Thus, a derivatization step was incorporated into the 
analytical method. The derivatizing agent chosen was PMP because the 
monosaccharide PMP-derivative possessed excellent fragmentation efficiency 
for MS detection.
135





conducted under mild conditions and no isomerization of the derivatized 
monosaccharides would occur.
136
 Referring to Figure 9, it is observed that 
chromatographic separation of mannose, glucose and galactose, rhamnose and 
fucose, ribose and xylose was achieved with the gradient flow of the mobile 
phase while co-eluting monosaccharides like rhamnose and ribose were 














Figure 9 Chromatograms of monosaccharides in a 10000 ppm standard. (A) 
the TIC. (B) the XIC for mannose, glucose and galactose (m/z 511.4→175.1). 
(C) the XIC for rhamnose and fucose (m/z 495.3→175.1). (D) the XIC for 
ribose and xylose (m/z 481.2→175.0).The monosaccharides are labelled 



















Two MRM transitions were utilized for the analysis of each monosaccharide. 
One MRM transition was selected to quantify the monosaccharide, while the 
other was used to validate its identity (Appendix 1). The precursor ion for the 
monosaccharides was revealed to be the bis-PMP derivative of each individual 
monosaccharide. This implies that during the derivatization reaction two PMP 
molecules would react with one monosaccharide molecule via a condensation 
reaction. Ions of m/z 175 and 187 were selected as the product ions for all the 
monosaccharides. The comparable m/z values of the product ions are 
attributed to the similar structure of the monosaccharide derivatives. Product 
ion with m/z 175 was deduced to be a PMP as it exhibited an identical 
molecular mass as a protonated PMP. On the other hand, the identity of 
product ion with m/z 187 was verified with the internal standard, D-glucose-
13
C6. It was observed that there was a difference of 1 m/z between the product 
ion of glucose and D-glucose-
13
C6. Based on the fact that D-glucose-
13
C6 is the 
isotopic form of glucose, the two molecules were expected to produce the 
same fragment ions but the m/z of the fragment ions would differ due to the 
variation in the mass of the carbon atom. As such, the product ion with m/z 
187 was deduced to be made up of one methyl group from the monosaccharide 












Figure 10 Proposed MS/MS fragmentation of the protonated molecule of 
glucose derivatized with PMP ([M+H]
+
, m/z 511). (A) fragment of m/z 187 
while (B) fragment of m/z 175. 
 
The optimized analytical method was also applied monosaccharide standards 
with a concentration range of 50 - 10000 ppb. The linearity of the 7 
monosaccharides was evaluated by inspecting the peak area as a function of 
compound concentration, with the aid of a regression line by the method of 
least square. Excellent correlation coefficients (> 0.99) were obtained from the 
calibration curves of the monosaccharaides. The retention time, limits of 
detection and limits of quantitation were tabulated in Table 3. The LODs and 
LOQs are observed to be lower than the reported literature values.
135
 
Moreover, the small fluctuations in the retention time and high correlation 
coefficient provided confidence for the quantitation of the 7 monosaccharides 





been incorporated into the analytical method, this new analytical method has 
less steps than the recent one suggested by Hammad et al..
137
Hence, the 
developed analytical method could minimize the loss of monosaccharides and 
the possibility of errors occurring during sample preparation would be reduced.  
In addition, with the use of LC/MSMS, the analysis time was shortened and 




Table 3 Retention time, linearity, limits of quantitation (LOQ) and limits of 
detection (LOD) for 7 monosaccharides (n = 6). 
Compound 









Mannose y = 2.30x - 0.0634 1.93 1.000 10 5 
Glucose y = 1.35x + 0.0033 1.58 0.990 20 1 0 
Galactose y = 0.25x + 0.0011 2.09 1.000 20 1 0 
Rhamnose y = 2.19x - 0.0696 2.52 0.990 10 5 
Fucose y = 2.07x + 0.0180 0.58 1.000 10 5 
Ribose y = 2.47x - 0.0474 1.16 1.000 10 5 
Xylose y = 2.20x + 0.015  0.55 1.000 10 5 
a
 represents the standard at concentration 50 ppb.  
Limit of detection (LOD) is the lowest concentration of a compound which 
can be measured and it is calculated from the level of the compounds 
equivalent to three times the standard deviation of noise on analysis.  
Limit of quantitation is the lowest concentration of a compound which can be 
quantified and it is calculated from the level of the compounds equivalent to 
ten times the standard deviation of noise on analysis.  
 
Validation is an important requirement in the development of a new analytical 
method. It is the process of confirming that the analytical method under 





what the application requires. In this chapter, the analytical method developed 
was to quantitate the amount of 7 neutral monosaccharides from the 
carbohydrate component of EBN. Hence, a reference material, rather than 
spiking with standards, was employed in the validation. 
 
The reference material, fetuin, was used to validate the monosaccharide 
analysis. Fetuin was utilized because of its similarity to EBN, it is a matrix 
rich in glycoproteins.
139
 Besides, fetuin is a well-established glycoprotein that 
has been used in the validation of analytical methods involved in the 
quantitation of monosaccharides from carbohydrate.
129
 At the moment, there is 
no matrix which permits the study for all 7 neutral monosaccharides in the 
carbohydrate. Thus, a partial method validation is often adopted to verify the 
suitability of a analytical method.
140
 This is widely accepted due to the highly 
similar chemical structure and chemical nature of monosaccharides.  
 
An intra- and inter-day study was conducted on the reference material for 
method validation.  Results of the validation were in good agreement with the 
stated literature range of the reference material (Table 4).
122, 129, 137, 140
 
Excellent RSDs for the monosaccharides were achieved utilizing the analytical 
method (RSD < 5 %). Interestingly, several monosaccharides like glucose, 
rhamnose and xylose were noted to be present in the fetuin even though they 
are not part of the glycoprotein in fetuin. This is possibly due to 


























Mannose 25.15 + 2.15 23.41 0.70 2.99 24.09 0.69 2.87 
Galactose  39.45 + 6.45 43.11 1.39 3.22 43.17 0.36 0.84 
Fucose  1.00 + 1.00 0.83 0.03 4.15 0.87 0.03 3.99 
Glucose N.A 10.30 0.34 3.27 10.33 0.03 0.26 
Rhamnose N.A 0.13 0.004 3.08 0.13 0.00 0.77 
Ribose  N.A 0.00 0.00 0.00 0.00 0.00 0.00 
Xylose  N.A 2.11 0.10 4.94 2.22 0.09 4.24 
S.D. represents standard deviation.   






2.3.2. Establishing the Hotelling T2 range plot to identify EBN 
 
The amino acid and monosaccharide chromatograms representing the EBN are 
illustrated in Figure 11. Visual inspection of the amino acid chromatograms 
reveals that 17 amino acids were detected in the EBN. It was noted that 
several common proteinogenic amino acids such as tryptophan, asparagine and 
glutamine are not detected in EBN. This is due to the utilization of acid 
hydrolysis to liberate the amino acids before the chromatographic analysis. 
This approach would result in the complete hydrolysis of tryptophan and the 
deamidation of asparagine and glutamine into aspartic acid and glutamic acid 
respectively.
141
 It was also observed from the amino acid chromatogram that 
there are no obvious differences between the EBNs from the model and 
prediction set. Meanwhile, the monosaccharide chromatogram shows that 7 
monosaccharides were detected in EBN and that there was no clear distinction 
between the EBNs from the model and prediction set. This provides the 
confidence that it is viable to establish a T2 critical value with both types of 














Figure 11 Chromatograms of EBN. (A) the amino acid data -  and (B) 
monosaccharide data. The amino acids and monosaccharides are labelled 
according to section 2.2.2. 
 
Amino acids and monosaccharides have been used in the past to differentiate 
food items that are suspected to have a similar matrix.
142
 Such studies rely on 
the fact that the polymers of amino acids and monosaccharides - protein and 
carbohydrate, would exhibit variations if they are produced from different 
species. However, in this chapter, a different approach was utilized - the 
homogeneity of amino acids and monosaccharides. EBN is a food item that is 
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exhibit a homogeneous amino acid and monosaccharide signature as they are 
originated from the same species origin.  
 
In this chapter, the data from amino acid and monosaccharide analysis was 
combined with PCA to identify the EBN. PCA is known to be capable of 
reducing the complex data from individual amino acid and monosaccharide 
chromatograms into a single score on the score plot. The scores are then 
utilized to deduce the confidence region known as Hotelling T2 ellipse. 
Studies have shown that the scaling method of the variables has a direct 
impact on the prediction ability of the score plot. As such, three different 
scaling methods – uv scaling, par scaling and no scaling were performed to 
determine the ideal scaling method to be employed to identify EBN. The PCA 
score plots for the different scaling methods are displayed in Appendix 2. It 
was observed that no score was found located beyond the Hotelling T2 ellipse, 





 that were generally greater than the level of 0.5 (Table 
5).  
 
The Hotelling T2 range plots of the respective PCA score plots were plotted to 
visualize the graphical display in their numerical form. It was evident from the 
T2 range plots that none of samples from the model set has a T2 range value 
greater than the T2 critical value (Appendix 3). Thus, an independent group of 
EBNs known as prediction set would be used to evaluate the different scaled 
score plots. The result from the amino acid data shows that application of uv 





all the EBN while par and no scaling would create score plots with low 
prediction ability of EBNs (Table 5). Similarly, the score plots based on the 
monosaccharide data also demonstrated that uv scaling is the ideal scaling 
method (Figure 12). Uv scaling involves the division of each variable by its 
standard deviation. Upon scaling, the variables would have the same weight 
prior to being subjected to multivariate analysis, thus preventing the 
dominance of variables with high fluctuations.
143
 This indicates that the 
Hotelling T2 range plots from both data sets have to be unbiased towards all 













Figure 12 Hotelling T2 range plot of the model set(   ) and prediction set (   ). 
Plot (A) constructed based on amino acid data subjected to uv scaling. Plot (B) 
constructed based on monosaccharide data subjected to uv scaling. Both plot 
(A) and (B) contain a red line representing the critical value.  
  
Model set Prediction set 
  







The amino acid and monosaccharide content of EBN could be significantly 
affected by the difference in EBN – coloration, country of origin and/or type 
of cleaning method applied to the EBN. Thus, the optimized Hotelling T2 
range plots from both data sets were used to perform a comprehensive study 
on the different types of EBN.  The prediction ability results in Table 5 show 
that different types of EBN could be accurately predicted by the plots from 
both data sets, thereby pointing out the feasibility of identifying EBN with 
amino acids and monosaccharides combined with Hotelling T2 range plot. The 
success of predicting the different types of EBN also demonstrated that the 
amino acid and monosaccharide content is not significantly affected by the 
variation in the coloration, country of origin and/or type of cleaning methods 
applied to the food item.  
 
Table 5 Model performance parameters and prediction ability of Hotelling T2 
range plots using different types of scaling methods on amino acid and 
monosaccharide data. 
  Amino acid Monosaccharide  
  












Number of PCs  3 3 3 2 2 2 
R2(X)  0.791 0.824 0.999 0.826 0.906 0.999 
Q2(X)  0.524 0.456 0.995 0.560 0.711 0.248 
T2 critical value  9.779 9.779 9.779 7.041 7.041 7.041 
Prediction ability  
(%)  







Recently, several research studies have demonstrated the existence of common 
glycoproteins among the EBN with different coloration or country of origin.
107, 
114
 Thus, since the amino acids and monosaccharides originated mainly from 
the protein and carbohydrate portion of EBN, the similarity in amino acids and 
monosaccharides could be attributed to the glycoproteins in EBN. In addition, 
it is suggested the quantity of these glycoproteins is not significantly affected 
by factors such as coloration, country of origin and/or type of cleaning 
methods applied to the EBN. 
 
2.3.3. Evaluation of Hotelling T2 range plot with non-EBN 
 
The Hotelling T2 range plots from the amino acid and monosaccharide data 
were established with 17 amino acids and 7 monosaccharides respectively. 
These amino acids and monosaccharides are known to be common building 
blocks for protein and carbohydrate. As such, it is possible that there are 
samples which contain similar amino acid and monosaccharide content as 
EBN. Thus, non-EBN samples - milk, chicken egg yolk, chicken egg white, 
quail egg yolk quail egg white, saliva, fetuin and infant fomula are utilized to 
determine the differentiating capabilities of the Hotelling T2 range plots. 
These samples were selected because they are known to contain a high 
quantity of amino acids and monosaccharides or they were produced in a 




From the examination of the Hotelling T2 range plot in Figure13, it was 





than the T2 critical value for both amino acid and monosaccharide data, 
thereby affirming that the Hotelling T2 range plot from both data sets are 
objective parameters to identify EBN based on species origin. Furthermore, 
the result suggests that the common glycoproteins in EBN do not exist in all 
















Figure 13 Hotelling T2 range plot of different types of samples. (A) Plot 










Contribution plot is also applied to visualizing the variable contribution 
difference between the EBN and non-EBN.
146
 Based on the contribution plots 
on both the amino acid and monosaccharide data, it was observed that the 
different types of samples would contain several variables which were clearly 
separated from the origin (Appendix 4 and 5). Another interesting observation 
was that samples such as egg yolk and egg white from chicken and quail 
exhibited a similar variable profile for their respective data sets. This is not 
unexpected because these samples are similar products, originating from avian. 
However, in the case of milk and infant formula – both originating from cows, 
the contribution plots for the amino acid data illustrated a dissimilar profile 
while the opposite is exhibited in the plots based on monosaccharides. This 
could be attributed to the fact that infant formula is often enriched with amino 
acids to meet the needs of infant development (Figure 14).
147
 Hence, the 
contribution plot reaffirms that only samples with a similar amino acid or 
monosaccharide content to EBN could be identified with the Hotelling T2 

































Figure 14 Contribution plots of milk and infant formula. (A) milk and (B) 













Comparing the two types of analysis employed in this chapter, the amino acid 
analysis uses GC-FID while the monosaccharide analysis makes use of the 
LC/MSMS. Despite a difference in the type and monetary value of the 
analytical instruments utilized, both types of analyses were able to produce 
reliable results. The sample preparation in the amino acid analysis involves an 
extraction method taking up to 24 hours and a number of steps to derivatize 
the amino acids. On the other hand, the monosaccharides are liberated using a 
hydrolysis method within 4 hours and then derivatized using a one-step 
procedure prior to analyzing with LC/MSMS. This greatly reduces the 
complexity of the sample preparation method of the monosaccharide analysis. 
However, the analysis time taken to achieve chromatographic separation in the 
monosaccharide analysis was much longer than the amino acid analysis, which 
in turn leads to a lower throughput. As there is no single analysis method 
which is deemed to be more favourable than the other, the type of analytical 
methods selected ultimately depends on the availability of the chemicals and 
instruments, as well as any deadline to be met by the users because both types 
of analysis are capable of producing Hotelling T2 range plots that are able to 












2.3.4. Assessment of amino acid and monosaccharide contents of EBN 
 
In terms of the amino acids, aspartic acid, proline and threonine were observed 
to have the highest concentration in EBN (Appendix 6). This result is in line 
with the findings published by Theng et al., and thus increasing the reliability 
of the results on amino acids.
148
 Aspartic acid (representing aspartic acid and 
asparagine) and proline are classified to be non-essential amino acids, 
implying that they could be synthesized by the human body. On the other 
hand, threonine is noted to be an essential amino acid (EAA), thus the only 
way for human to obtain this amino acid is through the consumption of food 
containing the amino acid. EAAs are vital in the well-being of human’s health 
as EAAs are the precursors for protein synthesis and they are required as 
intermediates in various pathways of metabolism.
149
 In fact, due to the 
importance of EAA, the World Health Organization, Food and Agriculture 
Organization of the United Nations and the United Nations University have set 
a recommended daily amount for EAAs.
113
 The tabulation of amino acids also 
indicates the presence of two non-proteinogenic amino acids namely 4-
hydroxyproline and hydroxylsine in EBN. These two amino acids are often 





The nutritional value of EBN was also assessed by comparing EBN with 
protein- and/or carbohydrate-rich food items such as milk, chicken egg yolk, 
chicken egg white, quail egg yolk, quail egg white and infant formula. 





rest of the food items with the exception of methionine in infant formula. 
Thus, EBN is a better provider of amino acids than the protein rich food items. 
The total amino acid content was found to be larger in EBN (Figure 15). This 
indicates that protein constitutes a larger compositional fraction in the EBN 
matrix relative to the protein rich food items. EBN is also more enriched in 
EAAs than the protein and/or carbohydrate rich food items. Studies have 
shown that a higher EAA content would provide more building blocks for 
protein synthesis as well as increase the rate of the protein synthetic 
pathway.
151
 As such, apart from the epidermal growth factor in EBN, the high 
EAA content is suggested to support the growth effects caused by the 




































Figure 15 Column plots of (A) total EAA and (B) total amino acids of 













In the case for the monosaccharide data, the most prominent monosaccharide 
in EBN is galactose (111.85 μg / g of sample), which is likely to be derived 
from the glycans in EBN.  This deduction was made as several studies pointed 
out that galactose is the major neutral monosaccharide in the glycans of 
EBN.
110-112
 Besides galactose, mannose, glucose, rhamnose fucose and xylose 
were suggested to be derived from glycans as well. Ribose is the only 
monosaccharide that has not been demonstrated to be present in the glycans of 
EBN. Its presence is most probably due to the DNA in EBN.
105
 It was noted 
from Table 6 that the monosaccharides have a much larger variation as 
compared to the amino acids – RSD of monosaccharides range from about 50 
to 90 % while it is less than 20 % in amino acids. As mentioned earlier, 
monosaccharides are derived generally from the glycans. Glycans have linear 
or branched monosaccharide structures protruding out from the protein 
molecule.
152
  Thus, glycans might have been lost due to degradation during the 
cleaning process of EBN.  In addition, Li et al. demonstrated that 
proteoglycans of EBN could be extracted with water.
109
 This implies that the 
loss of proteoglycans during the cleaning process of EBN could also have 
contributed to the larger RSD values in the monosaccharides. 
 
Comparing the monosaccharides of EBN and the different types of food items, 
all 7 monosaccharides were detected in EBN while only certain 
monosaccharides were present in the rest of the food items (Table 6). This 
diversified monosaccharide profile in EBN could be attributed to the glycans 
detected in the food item mentioned previously. EBN has a significantly lower 





milk and infant formula contain a large amount of lactose.
144
  This reasoning is 
further supported by the ratio of glucose and galactose in milk and infant 
formula – approximately 1:1 which coincides with lactose.  Besides milk and 
infant formula, the glucose concentration in EBN is also found to be 
significantly lower than in chicken and quail egg white. Egg white of chicken 
and quail are known to be the source of energy for the avian embryonic 
growth.
153
 As such, it was not surprising that the concentration of glucose is 
elevated in the chicken and quail egg white. Although the concentration of 
individual monosaccharides varies between the different types of samples, 
EBN generally has a higher overall monosaccharide content, with the 
exception of infant formula. This could be due to the presence of a rich lactose 










Table 6 Concentration of monosaccharide of EBN and the different types of food items. 
Compound  


























Mannose  10.53 ± 5.97 0.00 ± 0.00 1.59 ± 0.15 2.84 ± 0.18 2.01 ± 0.18 2.63 ± 0.26 0.53 ± 0.02 
Glucose 4.51 ± 3.89 57.29 ± 1.49 2.19 ± 0.19 7.25 ± 0.54 2.82 ± 0.26 57.49 ± 4.91 532.28 ± 26.56 
Galactose 111.85 ± 57.22 42.94 ± 0.80 0.82 ± 0.07 0.54 ± 0.04 1.07 ± 0.10 10.48 ± 1.13 520.51 ± 28.85 
Rhamnose  0.19 ± 0.15 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Fucose  11.39 ± 9.91 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Ribose 0.18 ± 0.12 0.26 ± 0.01 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Xylose  2.13 ± 1.91 0.66 ± 0.03 0.00 ± 0.00 0.52 ± 0.06 0.11 ± 0.01 0.73 ± 0.06 1.19 ± 0.05 
        
Total  
monosaccharide  
140.77 ± 75.32 101.15 ± 2.11 4.60 ± 0.40 11.15 ± 0.71 6.01 ± 0.50 71.33 ± 6.18 1054.52 ± 53.53 
* represents no significance difference, p > 0.05  
    
a
 represents n = 6. 









2.3.5. Quality control of EBN with OPLS-DA 
 
In section 2.3.4., it has been established that EBN is a better amino acid and 
monosaccharide provider than most food items, thereby implying a difference 
between the quality of EBN and other protein- and/or carbohydrate-rich food 
items. Thus, it is possible to utilize the existing amino acid and 
monosaccharide data for quality control of these food items to protect the 
interest of consumers and food suppliers.  
 
In this quality control, multiple variables are utilized as they are more 
objective descriptors of the food item, in comparison to a single variable. To 
make use of the multiple variables, OPLS-DA is applied to the amino acid and 
monosaccharide data to reduce the dimensions as well as to maximize the 
separation of food items. This would result in the ease of determining EBN 
and other protein- and/or carbohydrate-rich food items. OPLS-DA score plots 
constructed based on the amino acid and monosaccharide data (Figure 16A 
and B) exhibited satisfactory goodness of fit and prediction (R2X 
(cumulative)amino acid = 0.996, R
2
Y (cumulative) amino acid = 0.932, Q2X 
(cumulative) amino acid = 0.861 ; R2X (cumulative)monosaccharide = 0.999, R
2
Y 
(cumulative)monosaccharide = 0.531, Q2X (cumulative)monosaccharide = 0.544). Clear 
discrimination between EBN and the other protein- and/or carbohydrate-rich 
food items is observed, thus illustrating the feasibility of using amino acid and 
monosaccharide data combining with OPLS-DA to differentiate food items 













Figure 16 OPLS-DA score plot for the quality control of EBN. (A) based on 
the amino acid data and (B) based on the monosaccharide data. The 
highlighted portion for each score plot is display on the bottom left. 
 
Validation of OPLS-DA plots constructed from both data sets is conducted 
with prediction sets made up of biological replicates from each type of food 
item (n = 18). An excellent validation result of 100 % was achieved with these 
prediction sets. This suggests that amino acid and monosaccharide analysis is 
capable of reproducing the EBN and protein- and/or carbohydrate-rich food 




In this study, the approach of combining amino acids and monosaccharides 
with multivariate analysis to establish Hotelling T2 range plots for EBN was 
adopted to identify the food item based on species origin. However, it was 
found that there was no suitable analytical method to determine the 








developed and validated prior to establishing the Hotelling T2 range plot. The 
approach was observed to be successful in identifying and predicting different 
types of EBN. This outcome revealed that EBN has a similar amino acid and 
monosaccharide content, which is likely to be due to a common group of 
glycoproteins in the food item. The approach also illustrated a clear distinction 
between EBN and samples that contained a similar matrix (non-EBN)when 
compared. Thus, verifying the practical applicability of a Hotelling T2 range 
plot to identify EBN.  The result also suggested that the common group of 
glycoproteins in EBN is unique to the food item. 
 
Besides using amino acids and monosaccharides for the identification of EBN, 
the nutritional value of EBN could be determined through comparison with 
food items rich in protein and/ carbohydrate.  The measurement of amino 
acids revealed that EBN contains a higher protein and EAA content. In 
addition, the EAA content was suggested to have contributed to the growth 
properties brought about by the consumption of EBN. In terms of the 
monosaccharides, EBN was found to contain a more diversified 
monosaccharide profile, thus suggesting that EBN is a more comprehensive 
provider of monosaccharides than the other food items. The amino acid and 
monosaccharide data could also be utilized in the quality control of EBN by 














Protein and carbohydrate are known to be the major compositional fraction of 
EBN – taking up 60 % and 30 % of the mass of the food item respectively.113, 
116
Thus it is not surprising that protein and carbohydrate are common targets 
of interest for the quality assessment of EBN. An example is Cheung et al. has 
found that it is possible to classify the different grades of EBN through the 
quantitation of sialic acid.
156
 Apart from protein and carbohydrate, EBN is 
also made up of lipids and other small molecules. So far information on these 
other compounds in EBN is limited, thus metabolite fingerprinting was 
employed in this chapter to determine all the possible chemical components in 
EBN.  
 
Metabolite fingerprinting is a powerful tool for the comprehensive analysis of 
a collection of small molecular metabolites of the matrix, which could be 
influenced by genetic modification, pathological stimuli or environment.
157
 
Metabolite fingerprinting is frequently used in the analysis of biological 
matrixes to identify potential biomarkers for diseases.
158
 In recent years, its 
application has also gained popularity in food classification.
159
 This is because 
metabolite fingerprinting is an untargeted analytical approach which enables it 
to cover all or most of the metabolomic molecular information of the food 





metabolite fingerprinting is recognized by the WHO and United States Food 
and Drug Administration (FDA) as a strategy to assess the quality of food 





The success of metabolite fingerprinting relies heavily on the type of 
analytical platforms used. The most extensively utilized analytical platforms 
are NMR and mass spectrometry coupled with chromatographic methods such 
as GC/MS and LC/MS. NMR is commonly used as it is a non-destructive and 
unbiased analytical method, requiring minimal sample preparation and 
relatively short analysis time as compared to the mass spectrometry 
techniques.
161
 However, in this chapter, mass spectrometry techniques coupled 
with LC and GC are chosen for the classification of EBNs. This is because 
mass spectrometry is able to provide better sensitivity and better resolved 
peaks in comparison to NMR.
162
 Adding to the advantages of mass 
spectrometry, the identification of metabolites by GC/MS is facilitated by the 
use of mass spectra libraries while in LC/MS, the process is aided with the 
utilization of high mass accuracy and information on the MS/MS 
fragmentation.  
 
It is very time consuming to interpret the large amount of chromatograms 
generated by metabolite fingerprinting with GC/MS or LC/MS.
163
 Thus, in 
order to convert the graphical chromatograms into a comprehensible format, 
the data from metabolite profiling is usually combined with multivariate data 





PLS-DA and OPLS-DA. PCA is often the preferred multivariate approach as it 
does not assume the class of the given samples prior to the analysis. This 
approach, however, might lead to poor classification results because it is 
unable to resolve minute differences between the different classes of samples. 





The aim of this chapter was to demonstrate the use of metabolite 
fingerprinting to identify the chemical components in EBN. Although 
metabolite fingerprinting on food products is not novel as mentioned, it would 
be a first application to EBN so as obtain an alternative perspective on this 
food item. The chapter also aims to further extend the results obtained from 
metabolite fingerprinting, combined with multivariate data analysis, to classify 
EBNs according to their coloration, country of origin and production sites. 
This is especially crucial as consumers are unable to distinguish between 
EBNs that are from the same classification category due to their similar 
morphology. They have to instead rely on food labels on EBN products and 
their prices to determine the type of EBN they are purchasing. Score plots 
constructed were further validated with external prediction sets to explore the 
possibility of replicating the outcome and also the impact of the EBN 
processing method on the metabolite composition. The metabolite 
fingerprinting of EBN will, hopefully, not only be able to classify EBNs and 







3.2. Materials and methods 
3.2.1.Sample information 
 
In this chapter, a total of 152 EBNs were analyzed. These EBNs came in 
different color and originated from various countries and production sites to 
represent the entire spectrum of EBN available in the market. The EBNs were 
blended into tiny pieces and stored at 4°C prior to analysis.  
 
The GC/MS and LC/MS data were divided into model and prediction sets. The 
model set represented EBNs used to construct the score plots. It consisted of 
EBNs obtained directly from the suppliers. The model was also made up of 
biological replicates of the samples to account for the analytical variations. 
This permitted the authors to be certain about the information on the EBNs, 
thereby increasing the confidence level of the results. In this chapter, the 
prediction set was subdivided into two groups – prediction set A and  
prediction set B. Prediction set A comprised of EBNs provided from the 
suppliers whom the model set was obtained. The purpose of prediction set A 
was to evaluate the accuracy of the score plot. Prediction set B was made up of 
processed and non-processed EBNs purchased from the local market. The 
non-processed EBNs were cleaned with the procedures stated in Section 1.2.3. 
On the other hand, the processed EBNs were biological replicates of the model 
set. As such, the use of prediction set B enabled the assessment of the effects 
of cleaning procedures on the classification of EBNs and the precision of the 






3.2.1. Chemicals and materials 
 
Acetonitrile and formic acid of HPLC grade were obtained from Sigma-
Aldrich (St.Louis, Missouri, America). Deionized water was purified by the 
MilliQ system (Millipore, Massachusetts, America).  Standard compounds 
such as lauric acid, myristic acid palmitic acid, stearic acid, arachidic acid and 
cholesterol were purchased from Sigma-Aldrich Inc. (St. Louis, Missouri, 
America) while propanetriol was purchased from Merck (Germany). Solvents 
such as chloroform and methanol were obtained from Kanto Chemical Co., 
Inc. 2-8 Nihonbashi Honcho 3-Chrome Chuo-Ku, Tokyo, Japan and toluene 
was obtained from Merck (Germany). The derivatizing agent N,O-
bis(trimethylsilyl)trifluoroacetamide (BSTFA) with 1 % trimethylchlorosilane 
was purchased from Restek (Benner Circle, Pennslyvania, America).  
 
3.2.2. Analysis with GC/MS 
 
Five hundred milligrams of EBN were sonicated with 10 mL of 
chloroform:methanol (1:1) for 180 min to extract the metabolites. The solvent 
mixture was then filtered through a 0.45 m PTFE membrane to remove the 
EBN and impurities. Subsequently, 1 mL of the solvent mixture was 
concentrated under a gentle stream of nitrogen. After that, 100 L of toluene 
(dried over anhydrous sodium sulfate) was added to the dried mixture so that 
no moisture was retained. The mixture was then evaporated to dryness using 
nitrogen. Next, 100 L of BSTFA and 100 L of pyridine were pipetted into 





derivatization to occur. Finally, 100 L of the derivatized sample was sent to 
GC/MS for analysis. 
 
Analysis of the metabolites was performed on a Shimadzu QP2010 Plus 
(Shimadzu, Kyoto, Japan). A DB-5MS fused capillary column (30 m x 0.25 
mm i.d.; Agilent J&W Scientific, Folsom, California, America) chemically 
bonded with 5% phenyl-methylpolysiloxane and 95 % dimethylpolysiloxane 
cross-linked stationary phase (0.25 m film thickness) was used. Helium was 
used as the carrier gas at 1.2 mL min
-1
 and the injector split ratio was set to 1:5. 
An injection volume of 1 L was used and the solvent cut-off time was 5 min. 
The injector and source temperatures were at 250 and 200 °C, respectively. 
The column oven temperature was kept maintained at 60 °C for 3 min, 
increased at 7 °C min
-1
 to 140 °C where it was kept for 4 min and further 
increase at 5 °C min
-1
 to 310 °C where it remained for 6 min. The mass 
spectrometer was operated in electron impact (EI) ionization at 70eV. Data 
acquisition was performed in the full scan mode from mass to charge (m/z) 50 
to 650 with a scan time of 0.5 s. Chromatogram acquisition and tentative 
compound identification was performed with Shimadzu GCMSsolution 
(version 2.71) software.      
 
3.2.3. Analysis with LC/MS 
 
The extraction procedure used for LC/MS analysis was identical to the one 





solvent mixture was reconstituted with 400 L of the methanol prior to 
analysis.  
 
To perform the metabolic profiling, the LC/MS system utilized was the 
Shimadzu LC/MS– IT-TOF which comprised of Prominence LC system 
(Shimadzu, Kyoto, Japan), electrospray ionization source (ESI) and a hybrid 
mass spectrometer combining a quadrupole ion trap (IT) and time of flight 
(TOF). The HPLC separation was performed on a Synergi Polar-RP column 
(50 mm x 2 mm IC, 2.5 m particle size, Phenomenex).The mobile phase 
consisted of (A) 0.1 % formic acid in distilled water and (B) 0.1 % formic acid 
in acetonitrile. A gradient elution was utilized for the chromatographic 
separation of the metabolites. The conditions of the mobile phase elution were 
as follows: 5 to 100 % B (0.0-10.0 min), isocratic at 100 % B (10.0-14.0 min), 
100 to 5 % B (14.0-14.1 min), isocratic at 5 % B (14.1-19.0 min). The total 
flow rate was set at 0.3 mL min
-1
 throughout the analysis. The injection 
volume was 2 L. The column temperature was maintained at 40 °C. Mass 
acquisition of the metabolites was performed at positive (ES+) and negative 
ESI (ES-) modes to detect various metabolites with different ionization 
behaviour. The mass spectral was recorded over a m/z range from 150 – 1000 
to ensure a wide coverage of the metabolites. The operating conditions of the 
mass spectrometer is as follows: heating block temperature 200 °C, curved 
desolvation line temperature 250 °C; nebulizing nitrogen gas flow 1.5 L/min, 







3.2.4. Pre-processing of GC/MS data 
 
The data collected from GC/MS was processed with Shimadzu GCMSsolution 
(version 2.71) software. A reference compound table was constructed to 
tabulate the peak area of the detected peaks in the chromatograms. In this table, 
a single m/z (target ion) was utilized to quantify each metabolite. Additionally, 
2 reference ions were selected to be used along with the target ion to validate 
the identity of the metabolite. The identification of the peaks was conducted 
with National Institute of Standards and Technology (NIST08 and 08s), Wiley 
EI mass spectra library and reference standards. Peaks with mass spectra 
having a similarity index (SI) higher than 70 % were assigned with 
compounds names while the rest of peaks were labelled as unknown. The peak 
area for each detected peak was normalized against the sum of the peak area 
within the same sample before exporting for multivariate analysis.  
 
3.2.5.Pre-processing of LC/MS data 
 
The LC/MS data collected was analysed with Shimadzu LCMS solution 
Version 3.60 software. Similarly to the GC/MS analysis, a reference 
compound table was constructed by registering the peaks from the EBN 
chromatograms. Each peak was assigned with an arbitrary identity based on 
their retention time and m/z. The compound table was used to extract and 
tabulate the area of the detected peaks in the EBN chromatograms. During 
data tabulation, only ions which demonstrate the same RT (tolerance of 0.01 





were considered the same and their peak areas were calculated. The peak area 
for each detected peak was then normalized against the sum of the peak area in 
that sample.  
 
In order to identify the metabolites, the Formula Predictor software version 4.3 
(Shimadzu Corp, Kyoto, Japan) was used to deduce the empirical formulae. 
To perform the deduction, the software takes into account of the accurate ion 
mass (MS), experimental fragmentation pattern (MS/MS) and isotopic profile. 
In addition, the accurate mass of the metabolites was searched against several 
online databases: LIPIDS MAPS (http://www.lipidmaps.org/), Metlin database 
(http://metlin.scripps.edu/index.php), Massbank (http://www.massbank.jp), 
Human Metabolome Database, (http://www.hmdb.ca/), and Chemspider 
(http://www.chemspider.com/).Compounds with an error lesser than ±5 ppm 
and sharing the same empirical formulae deduced by Formula Predictor 
software were compiled into a list of probable metabolite in Microsoft Excel 
software (Microsoft Corporation, America). This list was then narrowed down 
to a single compound for individual metabolites by comparing the 
experimental MS/MS spectra with those provided either in online databases 
and/or scientific journals. It should be noted that in this chapter the 
indisputable confirmation of the metabolites with the use of chemical 
standards was not performed, as such, the identification performed was 








3.2.7. Statistical analysis 
 
The normalized data from LC/MS and GC/MS was exported to SIMCAP+ 
software package version 13 (Umetrics, Umea, Sweden) for the construction 
of their respective multivariate analysis score plots. In this chapter, two 
different types of multivariate analysis: principal component analysis (PCA) 
and orthogonal projection to latent square discriminant analysis (OPLS-DA), 
were utilized for the classification of the EBNs. All data used was uv scaled 
prior to the construction of the score plots. A significant level of the 
normalized data was calculated with one-way Anova test in Microsoft Excel 
software (Microsoft Corporation, America). Compound with a p value lesser 
than 0.05 is considered to be statistically significant (p < 0.05).  
 
3.3. Results and discussion 
3.3.1. Profiling of metabolites using GC/MS 
 
Prior to the analysis using GC/MS, derivatization of the metabolites was 
performed with BSTFA. This derivatization replaces the active hydrogen in –
OH group or –NH group with a trimethylsilane (TMS) moiety in the 
metabolites to improve their volatility and thermal stability for GC/MS 
analysis.
165
 The profiling of EBNs with GC/MS revealed that there are 43 





Figure 17 A Typical total ion chromatogram of EBN analysed with GC/MS. 
 
Of the 43 metabolites, 42 compounds were assigned with a compound name 
while 1 compound was labelled as ‘unknown’ since the SI of this compound 
did not achieve 70 % when the mass spectra was compared with NIST and 
Wiley library. The identification of the metabolites is tentative until they are 
confirmed with standards. Hence, standard compounds were analysed and the 
retention time and mass spectra were compared to the detected metabolites to 
verify their identities (Table 7).  
 
The 43 identified metabolites belonged to a diverse chemical class of organic 
acids, amino acids, sugars, sugar alcohols, fatty acids, fatty acid amides and 
steroids. This illustrates that the use of GC/MS for metabolite profiling is 
desirable as it is capable of detecting a wide range of chemical classes. Based 
on the elution order of the detected fatty acids, it was observed that fatty acids 
with longer alkyl chain and lesser number of double bonds eluted out of the 














































capillary column was used for the chromatographic separation of the 
metabolites. It was also revealed that the hexadecanoic acid, E-9-
octadecadienoic acid and the octadecanoic acid were the three most abundant 
metabolites in the GC/MS analysis. The detection of these metabolites in EBN 
was not unexpected in light of previous work conducted on EBN.
114
 An 
interesting metabolite known as thymol-beta-D-glucopyranoside was been 
identified in the GC/MS analysis. This metabolite has been reported to be an 
effective agent against food borne bacteria like Staphylococcus aureus and 
Escherichia coli.
166
 Hence, the identification of this metabolite supports the 
study on the antibacterial effects of EBN and also the Chinese belief that the 








Compound Name  SI  
Normalized 
area (%)  
1 6.852 Hexanoic acid 95 
2.922 + 
4.921 
2 8.723 3-Hydroxybutyric acid 97 
0.214 + 
0.330 
3 8.894 Heptanoic acid 89 
0.851 + 
0.338 








6 12.797 Nonanoic acid 95 
0.196 + 
0.214 
7 13.436 Isocitric lactone 79 
0.006 + 
0.045 
8 14.581 Decanoic acid 92 
0.150 + 
0.154 












Compound Name  SI  
Normalized 
area (%)  
10 15.226 Hydroxybutanedioic acid  95 
0.210 + 
0.537 
11 15.807 5-Oxoproline 95 
0.723 + 
1.832 
12 16.035 4-Aminobutanoic acid 87 
0.056 + 
0.199 





14 22.008 Xylitol 95 
2.104 + 
3.569 
15 24.047 Undecanedioic acid 70 
0.069 + 
0.146  











18 25.496 Unknown 1 64 
0.277 + 
0.526  









21 27.071  D-Glucitol 95 
0.497+ 
0.809 
22 27.474 Pentadecanoic acid 75 
1.567 + 
1.411  
23 28.919 (Z)-9-Hexadecenoic acid 84 
0.570 + 
0.591 
24 29.036 (E)-9-Hexadecenoic acid 84 
0.683 + 
0.563 





26 30.104 Oleanitrile 93 
0.215 + 
0.437  
27 30.179 D-Galactitol 84 
0.826 + 
2.897 
28 30.186 Myo-Inositol 90 
0.500 + 
0.877 











Compound Name  SI  
Normalized 
area (%)  
30 32.551 (Z)-9,12-Octadecadienoic acid 95 
1.270 + 
1.714 
31 32.772 E-9-Octadecadienoic acid 96 
10.316 + 
8.295  
32 32.84 E-11-Octadecadienoic acid 95 
0.983 + 
0.865 





34 35.058 9-Octadecenamide 93 
0.087 + 
0.319 
35 35.176 Arachidonic acid 73 
0.061 + 
0.208 





37 38.366 2-Monopalmitin  79 
0.007 + 
0.036 
38 38.867 1-Monopalmitin 95 
0.109 + 
0.226 
39 40.975 Thymol-beta-D-glucopyranoside 88 
5.418 + 
7.185 
40 41.315 1-Monooleoylglycerol 90 
0.102 + 
0.297 























3.3.2. Profiling of metabolites using LC/MS 
 
A total of 35 metabolites were detected when EBNs were profiled with 
LC/MS (Figure 18). Out of the 35 metabolites, 15 metabolites were tentatively 


















Figure 18 Typical total ion chromatogram of EBN analysed with LC/MS. (A) 


















































It was found that a class of compound known as fatty acid amide, which 
contains a carboxamide head group and an acyl tail chain, possesses 
characteristic fragmentation pattern coinciding with the MS/MS mass spectra 
of some of the metabolites. It is known that the saturated fatty acid amide 
would exhibit a characteristic fragment ion of m/z 102 while the 





  and also alkyl chain fragments of m/z 135 and 
121.
167
 With this information, metabolites such as myristamide, palmitic 
amide, oleamide, docosenamide and docosanamide were identified. The 
search for the metabolite with m/z 401.3394 in Formula Predictor revealed 
that the empirical formula corresponds to C27H44O2. However, this empirical 
formula was shared among several compounds. As such, the experimental 
fragmentation pattern was utilized and it was found that it coincided with the 
reference MS/MS spectra of a compound in the literature.
168
 The metabolite 
was finally identified as 25-hydroxyvitamin D3. A similar workflow was also 
adopted for the identification of the metabolite with m/z 385.3452. Using the 
high mass accuracy, empirical formula and experimental fragmentation 






























Positive mode  
      
1 0.71 [M + Na]
+
 226.0688 226.0699 4.87 C9H9N5O 167.0255, 148.0384 3-Phenyl-5-ureido-1,2,4-
triazole 
2 3.67 [M + H]
+
 432.2780 432.2776 0.93 C14H37N7O8 221.1394, 177.1128 Unknown 1 
3 6.88 [M + H]
+
 288.2883 288.2897 4.86 C17H37NO2 270.2784, 106.0859 Heptadecasphinganine 
4 7.13 [M + H]
+
 335.2742 335.2739 0.89 C17H40N2P2 229.2121, 195.1209, 
133.0863 
Unknown 2 
5 7.43 [M + H]
+
 349.2904 349.2896 2.29 C18H42N2P3 195.1223, 177.1087, 
133.0872 
Unknown 3 
6 7.92 [M + H]
+
 228.2319 228.2322 1.31 C14H29NO 102.093 Myristamide  
7 8.03 [M + H]
+
 341.2679 341.2686 2.05 C20H36O4 296.2942 Unknown 4 
8 8.18 [M + H]
+




9 8.19 [M + H]
+
 479.2528 479.2540 2.50 C28H34N2O5 351.2073 Unknown 5 
10 8.37 [M + H]
+





























11 8.42 [M + H]
+
 256.2631 256.2635 1.56 C16H33NO 200.1912, 130.1108, 
116.0957, 102.0818 
Palmitic amide 
12 8.47 [M + H]
+
 496.4115 496.4122 1.41 C29H49N7 479.3886, 283.1709 Unknown 6 
13 8.49 [M + H]
+
 452.3881 452.3887 1.33 C25H50N5P 435.3634, 239.1488 Unknown 7 
14 8.63 [M + H]
+





15 8.85 [M + H]
+




16 9.00 [M + H]
+
 310.3101 310.3104 0.97 C20H39NO 293.2875, 275.2733, 
228.2323, 191.1780, 
177.1691, 163.1447, 
149.1344, 135.1194  
Oleoyl ethyl amide 
17 9.14 [M + H]
+































18 9.20 [M + H]
+
 312.3255 312.3261 1.92 C20H41NO  102.0929 Icosanamide 
19 9.34 [M + H]
+






20 9.43 [M + H]
+
 364.3571 364.3574 0.82 C24H45NO 282.2738, 247.2470, 
196.1713, 135.1169 
Unknown 8 
21 9.55 [M + H]
+
 340.3578 340.3574 1.18 C22H45NO 322.3267, 304.3187, 
164.1541, 102.0782 
Docosanamide 
22 9.64 [M + H]
+





23 9.69 [M + H]
+
 391.2827 391.2843 4.09 C24H38O4 279.1580, 149.0245, 
167.0339 
Unknown 9 
24 10.08 [M + H]
+



























25 10.15 [M + H]
+





26 10.78 [M + H]
+




        
Negative mode        
27 
0.73 [M - H]
-
 520.9037 520.9042 0.96 C14H11N2O10P5 384.9305, 361.8709, 
248.9557, 204.9667 
Unknown 12 
28 6.80 [M - H]
-
 311.1652 311.1653 0.32 C20H24O3 183.0094, 119.0491 Unknown 13 
29 7.04 [M - H]
-
 325.1819 325.1809 3.08 C21H26O3 183.0092, 119.0502 Unknown 14 
30 7.28 [M - H]
-
 339.1977 339.1966 3.24 C22H28O3 183.0091, 119.0496 Unknown 15 
31 8.11 [M - H]
-
 465.2965 465.2974 1.93 C27H49P3 327.9113 Unknown 16 
32 8.60 [M - H]
-
 248.9590 248.9592 0.80 C4H14O2P4S 168.8926 Unknown 17 
33 8.75 [M - H]
-
 384.9333 384.9331 0.52 C6H15O9P5 248.9592, 154.9748 Unknown 18 
34 
8.75 [M - H]
-
 378.9149 378.9148 0.26 C7H5N6O5PS3 296.6843, 190.9479, 
174.9589 
Unknown 19 
35 8.81 [M - H]
-





To date, there are only a limited number of metabolites with known MS/MS 
fragmentation. Thus, in order to improve the identification rate of the 
metabolites, identification of the metabolites was also performed by matching 
the molecular structure with the experimental MS/MS fragmentation. An 
example is the metabolite with a precursor ion at m/z 226.0688. As expected, 
the search for this empirical formula of m/z 226.0688 produced several 
potential hits. The experimental fragmentation pattern was then utilized to 
narrow the search field and it affirmed that the identity of the metabolite is 3-
phenyl-5-ureido-1,2,4-triazole. This is because the fragment ion with m/z 
167.0255 corresponded with the loss of urea moiety from the molecular ion 
while the fragment ion with m/z 148.0384 was as a result of the loss of phenyl 
moiety (Figure 19). Using this prediction approach, metabolites such as 
heptadecasphinganine, palmitoleamide, linoleamide, stearamide, oleoyl ethyl 
amide, icosanamide and tetracosenamide were identified (Table 8).  
 
The use of LC/MS for metabolite profiling identified a number of metabolites 
belonging to chemical classes like the fatty acid amide, vitamin D metabolite 
and lipid. These metabolites were reported to be found in EBN for the first 
time. The identification of these metabolites opens up the possibility of new 
explanations to the medicinal properties of EBN. Oleamide, a metabolite, was 
found to be able to induce sleep, increase food intake and prevent 
inflammation of microglial cells 
170, 171
 Thus, oleamide is likely to be 
responsible for several medicinal properties of EBN, such as improvements in 
concentration, body energy and the immune system.  The metabolite, 





amounts of doceosenamide promotes angiogenesis in skeletal muscle and 
mouse dorsal air-sac.
172, 173
 Thus, the presence of doceosenamide is suggested 
to be associated with the health benefits of EBNs like an increase in the rate of 
post-surgery recovery and the nourishment of lungs. Research on EBN has 
proven that its extract leads to an increase in bone strength and the calcium 
concentration in bones.
46
 This observation could be attributed to the presence 






Figure 19 Proposed MS/MS fragmentation of the sodium adduct molecule of 
3-Phenyl-5-ureido-1,2,4-triazole ([M+H]
+
, m/z 226.0688). (A) is the fragment 










3.3.3. Classification of EBNs with PCA 
 
The GC/MS and LC/MS chromatograms representing the EBNs of different 
colors, countries and production sites are illustrated in Appendix 7 and 8. 
Visual inspection of the GC/MS chromatograms reveals the presence of minor 
differences when different groups of EBNs are compared. These differences 
were observed mainly between the RT 25.00 – 35.00 min in the GC/MS 
chromatogram (Appendix 9). Similarly, variations were also observed in the 
LC/MS chromatograms, within the region of RT 7.00 – 9.00 min (Appendix 
10). This provides the confidence that it is viable to classify EBNs.  
 
PCA was performed to reduce the detected metabolites in individual GC/MS 
or LC/MS chromatogram into a single point known as score on a score plot. 
The PCA score plots for the different types of classification based on the 
GC/MS and LC/MS data are displayed in Figure 20. All constructed PCA 
score plots depend on the optimization of the number of PCs to better 





. This resulted in the number of PCs to classify EBN based on color, 
country and production site being determined to be 12, 6 and 6 respectively for 
the GC/MS score plots while the number of PCs deduced for the LC/MS data 
was 6, 8 and 8 respectively. The PCA score plots representing the GC/MS and 
LC/MS analysis illustrate a poor classification pattern for all the different 
types of classification (Figure 20). In addition, the goodness of prediction for 
the respective score plots (Q2X (cumulative)GC/MS, color  = 0.263, Q2X 





Q2X (cumulative)LC/MS, color  = 0.377, Q2X (cumulative)LC/MS, country = 0.461 and  
Q2X (cumulative)LC/MS, production site = 0.461) is much lesser than the minimum 
acceptable value of 0.5, thereby indicating a poor prediction of the X data 
through the 7-fold cross validation procedure. This poor display of 
classification is due to the minute differences between the different types of 
EBNs. In order to classify EBNs, the supervised multivariate method known 
as OPLS-DA was utilized as it is known to maximize the separation between 
the different types of EBN. Moreover, OPLS-DA was selected due to its 







































Figure 20 PCA score plots to classify EBNs. Score plots (A) to (C) are based 
on GC/MS data while score plots (D) to (F) are based on LC/MS data. (A) is 
the classification according to coloration. White EBN (   ); Orange EBN (    ); 
Red EBN (   ). (B) is the classification according to countries. Malaysian EBN 
(   ); Indonesian EBN (   ); Thai EBN (   ). (C) is the classification according to 
production sites. Farm EBN (   ); Cave EBN (   ). (D), (E), (F) has the type of 
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3.3.4. Classification of EBN based on color 
 
EBN is a food item which comes in three different colors namely white, 
orange and red.
31
 It has been noted that red EBN often commands a higher 
price compared to white EBNs as the Chinese claims that the red EBNs 
possess higher nutritional value.
34
 However, these claims have not been 
supported by scientific evidences. Thus, in this chapter, classification of EBNs 
was conducted according to their coloration to determine whether significant 
difference can be found in their metabolite composition. 
 
OPLS-DA score plots for both the GC/MS and LC/MS data (Figure 21A and 
B) obtained a relatively high value for their good goodness of fit and 
prediction (R2X (cumulative)GC/MS, color = 0.740, R
2
Y (cumulative)GC/MS, color = 
0.967, Q2X (cumulative)GC/MS, color = 0.868 ; R2X (cumulative)LC/MS, color = 
0.714, R
2
Y (cumulative)LC/MS, color = 0.894, Q2X (cumulative)LC/MS, color = 
0.819). Examination of the OPLS-DA score plots indicated three distinctive 
clusters, representing the white, orange and red EBNs, thus demonstrating the 
feasibility of using OPLS-DA for the classification of EBNs according to their 
natural coloration. The scores representing each coloration group were 
observed to be in a tight cluster, indicating the high degree of similarity within 
the EBNs for each coloration group.   
 
In this study, a loading plot was utilized to determine the metabolites 
responsible for the observations in the OPLS-DA score plots by 





the scores. Based on the loading plot for GC/MS data (Figure 21C), the 
metabolites responsible for the differentiation were identified to be 2-
acetamido-2-deoxy-β-D-glucopyranose and 2-acetamido-2-deoxy-α-D-
glucopyranose (compound 17 and 20). The detection of 2-acetamido-2-deoxy-
β-D-glucopyranose and 2-acetamido-2-deoxy-α-D-glucopyranose in the 
metabolite composition was a surprise as it was thought only to be present in 
the glycans of EBN.
109-112
 Research studies have shown that the coloration 
change from white to red is due to a nitrile like vapor originating from the soil 
at the bird nest production site.
34
 As such, it is proposed that the nitrile like 
vapor had dissolved in water, forming an acid which triggered the hydrolysis 
of glycans to release the metabolites. The presence of glucopyranoses may 
support the popular claim of EBNs beautifying properties as a research study 





On the other hand, examination of the loading plot based on LC/MS data 
(Figure 21D) reveals that 3-phenyl-5-ureido-1,2,4-triazole (compound 1) was 
responsible for the classification pattern. At present, the biological function of 
this metabolite has not been determined. Nonetheless, it is proposed that the 
metabolite may possess fungicidal ability similarity to its analogs.
176
 However, 






















Figure 21 OPLS-DA score plot constructed for the classification of EBNs 
according to coloration. (A) and (B) represents the OPLS-DA score plots for 
the GC/MS data and LC/MS respectively. White EBN (   ); Orange EBN (   ); 
Red EBN (   ).The loading plots for the GC/MS data and LC/MS data to 
classify the EBNs according to their coloration are (C) and (D) respectively. 
 
Referring to column plots (Figure 22), all three metabolites - 2-acetamido-2-
deoxy-β-D-glucopyranose and 2-acetamido-2-deoxy-α-D-glucopyranose and 
3-phenyl-5-ureido-1,2,4-triazole, share a common increasing trend starting 
from white to orange and to red, thereby implying that the percentage of the 
metabolite increases as the coloration of the EBN darkens. Although there was 







overlapping was observed in the white EBN and orange EBN. This is because 
the coloration of the white and orange EBN was not uniform, meaning that the 














Figure 22 Box and whisker plot of (A) 2-acetamido-2-deoxy-β-D-
glucopyranose, (B) 2-acetamido-2-deoxy-α-D-glucopyranose (C) 3-phenyl-5-
ureido-1,2,4-triazole normalized area in EBN. 
 
Validation of the OPLS-DA score plots constructed from both data sets was 
conducted with prediction set A and B. An excellent validation result of 100 % 
was achieved with prediction set A and B for both OPLS-DA score plots 
(Table 9). This underlines an excellent experimental reproducibility could be 
achieved with GC/MS and LC/MS data as well as the different EBN 
(A) (C) 





processing methods do not have a significant impact on the metabolite profile 
of the EBNs with different colorations.  
 
3.3.5. Classification of EBN based on country 
 
EBNs are produced by the swiftlets in Southeast Asia countries like Malaysia, 
Indonesia and Thailand. Although these countries are subjected to similar 
weather conditions, the preservation of flora and fauna of these countries 
varies from one another due to the difference of the economic development in 
each country. Studies have shown that variations in environments would make 
an impact on metabolite composition of food products such as grape berry and 
ginseng.
177, 178
 Thus, it is viable to make use of metabolite profiling to study 
the impact of the environment on EBN. 
 
In this chapter, 48 EBNs were used to construct the OPLS-DA score plots 
(Figure 23A and B) for classification according to countries of origin, which 
are fewer as compared to the 60 EBNs used to construct the OPLS-DA score 
plot for the differentiation of different colored EBNs in Figure 22. This is 
because some of the EBNs whose country of origin was unknown were 
excluded from the score plot. It was evident from the OPLS-DA score plot 
based on GC/MS data (Figure 23A) that a clear discrimination of the EBNs 
was observed when they were classified according to their countries of origin 
(R2X (cumulative)GC/MS, country = 0.718, R
2
Y (cumulative)GC/MS, country = 0.923, 
Q2X (cumulative)GC/MS, country = 0.721). Three distinct groups were also 





(R2X (cumulative)LC/MS, country = 0.878, R
2
Y (cumulative)LC/MS, country = 0.907, 
Q2X (cumulative)LC/MS, country = 0.762) (Figure 23B). The strong classification 
pattern in both OPLS-DA score plots suggests that significant differences 
existed in the metabolic profile of EBNs with regard to the country from 
where they were harvested.  
 
Loading plots of the OPLS-DA score plots in Figure23A and B were displayed 
in Figure 23C and D respectively. In Figure 23C, the level of the majority of 
the fatty acids (17 out of 19 fatty acids) was shown to be elevated in 
Malaysian and Indonesian EBNs, which resulted in the differentiation of the 
Malaysian and Indonesian EBNs from the Thai EBNs along the PC2 axis in 
the OPLS-DA score plot in Figure 23A. This significant variation in the fatty 
acid content (p < 0.05) is most likely due to the environmental conditions. 
Malaysia, Indonesia and Thailand are agricultural countries, with Malaysia 
and Indonesia focusing on palm oil cultivation while Thailand concentrates on 
rice cultivation.
179, 180
 Swiftlets are aerial insectivores that would usually hunt 
in close proximity to their habitat.
181
 Thus, Malaysian and Indonesian swiftlets 
would feed on insects with a diet rich in palm oil whereas Thai swiftlets would 
prey on insects that have a rice based diet. It is known that palm oil has a 
higher fatty acid content than rice.
182, 183
 Hence, Malaysian and Indonesian 
swiftlets would produce EBN with enhanced fatty acid contents compared to 
the Thai swiftlets whose diet consists of insects of lower fatty acid contents.  
 
On the other hand, Malaysian EBNs and Indonesian EBNs were separated 





loading plot – 10 fatty acids in the region of Malaysian EBNs and 7 fatty acids 
in the region of Indonesian EBNs (Figure 23D). This elevated level of fatty 
acids in Malaysian EBN was expected because palm oil plantations take up a 
larger percentage of the land area in Malaysia relatively to Indonesia.
184
  As 
such, the Malaysian swiftlets, which consume insects with higher fatty acid 
contents, are expected to produce EBNs with elevated fatty acid content. 
 
Unlike the OPLS-DA score plot for GC/MS data, the OPLS-DA score plot for 
LC/MS shows that the Thai EBNs were separated from Malaysian and 
Indonesian EBNs along the PC1 axis (Figure 23B). The reason for this 
separation is because most of the detected fatty acid amides (9 out of 10 fatty 
acid amides) were distributed in Malaysian and Indonesian EBNs (Figure 
23D). Malaysian EBNs and Indonesian EBNs were also separated along the 
PC1 axis but the distance between these two groups was relatively closer as 
compared to the Thai EBNs. The separation of Malaysian EBNs and 
Indonesian EBNs is due to 8 fatty acid amides being located in the region of 
the Malaysian EBNs while 2 fatty acid amides are situated in the region of the 
Indonesian EBNs. The result of the LC/MS data is in line with the GC/MS, 
where the number of discriminating variables - fatty acids and fatty acid 
amides, was largest in Malaysian EBNs followed by Indonesian EBNs and 
then Thai EBNs.  This is because the precursor of a fatty acid amide is its 
corresponding fatty acid with the same number of carbons.
185
 Therefore, based 
on the two sets of data, it is proposed that the swiftlet’s diet would have a 
significant impact on the discriminating variables in the GC/MS and LC/MS 






Figure 23 OPLS-DA score plot constructed for the classification of EBNs 
according to countries. (A) and (B) represents the OPLS-DA score plots for 
the GC/MS data and LC/MS respectively. Malaysian EBN (   ); Indonesian 
EBN (   ); Thai EBN (   ). The loading plots for the GC/MS data and LC/MS 
data to classify the EBNs according to their countries are (C) and (D) 
respectively. 
 
Validation of the OPLS-DA score plots from the GC/MS and LC/MS data was 
performed to verify the classification results (Table 9). The validation result 
for the OPLS-DA score plot from GC/MS shows that all the EBNs from 
prediction set A and B were accurately classified according to their respective 
(A)
(B) (D)
(C) 10 fatty acids –
Metabolite No. 1, 2, 6, 8, 
30, 31, 32, 34, 35
7 fatty acids –
Metabolite No. 
13, 16, 25, 29, 
33, 36, 41
2 fatty acid amides –
Metabolite  No. 19 
and 21  
7 fatty acid amides –
Metabolite No. 6, 8, 





country. In contrast, 50.0 % of prediction set A and 11.1 % of prediction set B 
were correctly predicted by the OPLS-DA score plot from LC/MS data. The 
poor classification rate of prediction set A could be attributed to the fatty acid 
amides as they were responsible for the classification pattern of EBNs. In the 
previous paragraph, it was demonstrated that swiftlets having a similar diet 
would produce a similar level of fatty acid amides but the validation result 
contradicts this. A possible attribution factor could be the variation in the 
biosynthetic pathway of the fatty acid amides in the swiftlets. Currently, there 
is no information regarding the synthesis of fatty acid amides in the swiftlets, 
thus future experiments could be conducted for verification. The validation 
results from prediction set B also indicated that the EBN processing method 
would significantly affect the LC/MS data.  
 
While it is observed in this chapter that fatty acids are responsible for the 
differentiation of EBNs from different countries, Huda et al. reported no 
difference in their fatty acid content.
103
 The discrepancy explained maybe by 
the use to of pre-processed EBNs in Huda et al. study, such EBNs could have 
contained the remains of insects or the swiftlets’ droppings and thus affecting 
the fatty acid analysis. Besides that, a relatively long analysis time was utilized 
in this chapter for the detection fatty acids. This permitted the detection of 
more discriminating variables, thereby improving the rate of classification as 








3.3.6. Classification of EBN based on production site 
 
Traditionally, EBNs have been harvested from natural lime stone caves 
located near rainforests or along the coastlines.
186
 However, with the rapid 
increase in the demand of EBN, the traditional source of EBN is unable to 
meet the needs of the market. Thus, in the recent years, an alternative source 
for EBN known as EBN farming has been developed. EBN farming is a 
farming technique which involves the use of man-made buildings to attract 
swiftlets to inhabit and build their nests. Today, EBNs purchased in the market 
are either harvested from their natural habitat or a man-made environment and 
they are known as cave nests and farm nests respectively. The cave nest is 
known to command a higher price compared to the farm nest due to the risk 
involved during the collection of the cave nest.
31
 However, the EBNs from 
caves or farms do not have any visible or physical differences, thus making 
them indistinguishable. Hence, in this chapter, classification of the farm nest 
and cave nest would be performed with metabolite profiling, combining with 
multivariate analysis to determine whether the difference in production sites 
would result in the variation of the metabolite composition. 
 
In the classification of EBNs based on production sites, two OPLS-DA score 
plots were constructed. The model performance parameters for the GC/MS 
data were R2X (cumulative)GC/MS, production site = 0.561, R
2
Y (cumulative)GC/MS,  
production site = 0.948, Q2X (cumulative)GC/MS, production site = 0.873 while the 
LC/MS data illustrates that R2X (cumulative)LC/MS, production site = 0.541, R
2
Y 





0.927. From the examination of the OPLS-DA score plot from the GC/MS 
data, the farm and cave nests were clearly separated by PC1 axis, with the 
farm nest located in the left and the cave nest distributed at the right of the 
score plot (Figure 24A). Similarly, farm nest and cave nest exhibited a similar 
positioning in the OPLS-DA score plots constructed from the LC/MS data 














Figure 24 OPLS-DA score plot constructed for the classification of EBNs 
according to production sites. (A) and (B) represents the OPLS-DA score plots 
for the GC/MS data and LC/MS respectively. Farm EBN (   ); Cave EBN (   ). 
The loading plots for the GC/MS data and LC/MS data to classify the EBNs 











Analysis of the loading plot for the GC/MS data (Figure 24C) indicates the 
difference in cave and farm nests is due to ergosterol (compound 43). With the 
use of a box and whisker plot, it was further deduced that ergosterol is 
significantly higher in the cave nest (Figure 25A)  Ergosterol is a major sterol 
component found in fungi and it is either absent or exists in a minute quantity 
in higher plants, therefore its detection in EBN can only be attributed 
exclusively to the presence of fungi.
187
 The presence of fungi in the cave nest 
is proposed to be due to the soil in the cave being fertilized by the swiftlet’s 
droppings, thereby creating a nutrition rich environment for the growth of the 
fungi. On the other hand, information obtained through personal observation 
of the EBN farms in Malaysia confirms that farm nests are harvested from an 
environment made up of only concrete and wood. Furthermore, for hygiene 
purposes, the swiftlets’ droppings are cleared away on a regular basis. Hence, 
the environment for the farm nest is not ideal for the growth of the fungi and 
thus accounting for the absence of ergosterol. 
 
With reference to the loading plot for the LC/MS data (Figure 24D), it was 
observed that heptadecasphinganine (compound 3) was responsible for the 
difference in farm and cave nests. Heptadecasphinganine has demonstrated the 
ability of inhibiting the growth of fungi.
188
 Thus, the production of 
heptadecasphinganine in EBN is suggested to prevent fungi from affecting the 
health of the swiftlets and their hatchings. The significant higher percentage of 
heptadecasphinganine in the cave nest points out that the swiftlets would 
increase the production of heptadecasphinganine in EBNs in order to counter 













Figure 25 Box and whisker plot of (A) ergosterol and (B) 
heptadecasphinganine normalized area in EBN. 
 
The validation result for the OPLS-DA score plot from GC/MS data illustrates 
that all the EBN samples in both prediction set A and B were correctly 
predicted. In contrast, the OPLS-DA score plot from LC/MS data shows that a 
perfect validation result of 100 % was achieved with prediction set A while 
only 76 % of the samples from prediction set B were classified correctly 
(Table 9). This suggests that processing methods had a significant impact on 











Table 9 Validation results of the OPLS-DA score plots based on GC/MS data and LC/MS data. 
  GC/MS    LC/MS  
Type of classification  























ability (%)  
Color  40 100   50 100   40 100   50 100 


















Comparing the two analytical approaches for the classification of EBNs, 
GC/MS analysis was able to detect a wider range of metabolites such as 
organic acids, fatty acids, sugar and sterols compared to LC/MS analysis, 
which could only detect fatty acid amides, lipids and vitamin D metabolites. In 
addition, GC/MS based score plots possess a better prediction ability than the 
LC/MS ones. However, GC/MS requires additional steps in the sample 
preparation like the derivatization of the metabolites. Moreover, a longer 




In this chapter, a multi analytical platform, incorporating GC/MS and LC/MS 
was shown to be able to provide a comprehensive coverage of the metabolites 
in EBN and also identify novel components in the food item. The 
identification of metabolites provided logical explanations to some of the 
claimed medicinal effects of EBN. The metabolite profiles from GC/MS and 
LC/MS in combination with multivariate analysis, in particular OPLS-DA 
models, were demonstrated to be successful in classifying EBNs according to 
their coloration, countries and production sites. Multivariate also aided in the 
identification of the metabolites that were responsible for the differences in the 
EBNs. These metabolites pointed out that the environment in which the 
swiftlets inhabit played a vital role in all three types of classification of EBNs. 
Although both GC/MS and LC/MS are insightful approaches to understanding 
and classifying EBNs, validation results suggest that GC/MS produces better 





methods would not cause a significant variation in the metabolite composition 
analysed by GC/MS. The approach of metabolite profiling had shedded some 
light on the components of EBNs and its success in classifying EBNs also 



















CHAPTER 4. DISCRIMINATION OF EDIBLE BIRD’S NEST WITH 





According to the World Customs Institute, the food fraud industry has risen to 
about US$49 billion a year and it involves everything from fine food to boxed 
fruit juice.
189
. EBN is a food item which commands a premium price –price of 
per gram of EBN could be as high as USD$15 per gram (as of February 2014), 
thus it is not surprising that EBN has become the prime target for adulteration 
by food suppliers. These unscrupulous suppliers would often substitute 
genuine EBN with cheaper food items and/or introduce in chemicals to make 
the final food item more appealing to customers. To avoid falling prey to 
possible food fraud, consumers would often use their touch, sight and/or smell 
to assess the food item. However, these methods are subjective and prone to 
human errors, thus would not be able to serve their purpose. It is vital that the 
scope of food discrimination has to go beyond physical inspection and to take 
into account evidences from independent analytical methods to ensure the 
integrity of the food item.  
 
Authenticity of EBN has been one of the main focuses on EBN in the past few 
years. In these studies, various analytical methods have been employed and 
they have exhibited different degrees of success in the discrimination of the 





groups – morphological method, molecular biological method and chemical 
analytical method.  
 
Morphological method involves the use of a microscope to magnify and study 
the surface features of the sample in detail. It has been frequently used in the 
authentication of food items as it possesses advantages such as minimal 
sample preparation, short analysis time and non-destructive analysis. Marcone 
and Cheung’s research group found that the distinct morphological differences 
could be observed between EBN and the common adulterants of the food 
item.
114, 156
 However, this method could not distinguish genuine EBN from 
those which are adulterated, thus rendering it to be an ineffective tool to tackle 
fraud cases involving EBN.  
 
Molecular biological methods such as polymerase chain reaction (PCR), 
electrophoresis and enzyme-linked immunosorbent assay (ELISA) have been 
reported to be utilized in the authentication of EBN. An example of the 
application of PCR was noted in Yuan et al. where EBN’s deoxyribonucleic 
acid (DNA) was amplified by PCR so as to distinguish the food item from its 
adulterated form.
190
 ELISA is also another popular method due to its high 
selectivity of proteins in complex matrices.
191
 Recently, Yang et al. 
demonstrated the potential of ELISA in detecting low levels of EBN in food 
and cosmetics.
192
 However, the success of the molecular biological methods is 
often restricted by their targeted analyte. In the case of PCR, DNA is known to 
degrade into fragments with lesser than 200 base pairs when subjected to 
temperature above 100 °C.
193










In terms of chemical analytical methods, it can be further divided into two 
sub-categories – spectroscopy and chromatography. Hussin et al. made use of 
this fact to discriminate EBN.
195
 Meanwhile, chromatography possesses the 
capabilities of separating, detecting and quantifying the compounds of interest, 
which are then expressed in terms of signals as a function of time in a graph. 
As such, chromatography has been utilized to create fingerprints of EBN and 
its adulterated form in several reports.
195-198
 However, the use of chemical 
analytical methods carries the problem of insensitivity to low levels of 
adulterants and the requirement for a large number of genuine samples to 
establish the chemical fingerprints. In view of this, there is a need for the 
development of independent analytical techniques to ensure the integrity of 
EBN from farm to fork.   
 
The aim of this chapter was to demonstrate the potential of different analytical 
methods - amino acids, monosaccharides and metabolites analysed by GC/MS 
and LC/MS, combined with multivariate analysis to discriminate EBN. 
Reports have illustrated that the common adulterants of EBN are agar-agar, 
white jelly fungus and isinglass.
114
 Thus, apart from EBN and its common 
adulterants, binary mixtures of EBN and adulterant (known as spiked sample) 
would be included in the construction of multivariate models.
199
 In this chapter, 
the discrimination of EBN and spiked samples was conducted in two parts - 





ideal data pre-processing and multivariate approach would be determined so 
that the best detectable spiking range could be attained. In addition, the 
prediction capability of the established multivariate model offers the 
possibility of discriminating EBNs from samples that are spiked with 
unknown adulterants. Meanwhile, quantitative discrimination serves as a 
secondary level of discrimination. After determining on the type of adulterants 
from qualitative discrimination, accurate measurement of the adulterant level 
could be performed in quantitative discrimination using projection to latent 
structure (PLS) regression. In this case, PLS regression for each type of 
adulterants would have to be established and validated prior to its 
discrimination of EBN. The established approach would then be utilized for 
the prediction of EBN mixed with more than one adulterant to take into 
account all possible authentication scenarios. This proposed approach for EBN 
discrimination will hopefully, not only be able to discriminate EBNs from the 
stated adulterants, but also function as a database for the discrimination of the 
food item.    
 
4.2. Materials and methods 
4.2.1. Information on the samples 
 
EBNs used in this chapter were kindly sponsored by established EBN retailers 
in Singapore and Malaysia so as to ensure the authenticity of the EBN. The 
EBN was processed to remove the dirt and feathers prior to their analysis. 
EBN was homogenized through blending and stored under 4°C until they were 





jelly fungus (fungus), isinglass, were utilized in this chapter. These adulterants 
were mixed with EBN in varying proportions to create the binary mixtures for 
analysis. These binary mixtures were known as spiked samples and they were 
labelled with the adulterant name followed by the percentage of adulterant in 
the overall sample (eg agar agar 5 %). Samples which are mixtures of EBN 
and more than one adulterant were known as multiple spiked samples. The 
name of the adulterant was stated first followed by the overall percentage of 
adulterants in the sample (eg agar agar and fungus 10 %). The percentage of 
adulterants spiked into the sample was different from the binary mixture. In 
the case for samples containing two adulterants like agar agar and fungus 
10 %, the percentage of agar agar, fungus and EBN in the mixture is 5 %, 5 % 
and 90 % respectively.  However, if there were three adulterants in the sample, 
the proportion of the mixture changed. An example was agar agar, fungus and 
isinglass 10 % where the percentage of agar agar, fungus, isinglass and EBN 
was 3 %, 3 %, 4 % and 90 % respectively.  
 
4.2.2. Chemicals and materials 
 
Amino acid standards and the amino acid derivatization kit (EZ: faast
TM
 GC-
FID amino acid analysis kit) were purchased from Phenomenex. Several 
chemicals were provided in the EZ: faast
TM
 kit. They were internal standard 
solution (norvaline), sodium carbonate, sodium hydroxide, N-propanol, 
derivatizing agent (chloroformate-type compound), isooctane and 
hydrochloric acid solution.  The standard used consisted of the following 17 





proline, aspartic acid, methionine, 4-hydroxyproline, glutamic acid, 
phenylalanine, lysine, hydroxylysine, tyrosine and cysteine. The amino acid 
standards were stored in a freezer while chemicals in the kit were stored in a 
refrigerator at 4 °C prior to their usage.  
 
The chemicals - PMP, trifluoroacetic acid, acetonitrile and formic acid were 
obtained from Aldrich (St.Louis, Missouri, America). Acetic acid and toluene 
were obtained from Merck, Darmstadi, Germany while hydrochloric acid was 
purchased from Normapur. Ammonia hydroxide was purchased from Panreac, 
Barcelona. Ammonia acetate (99.7 % purity) was obtained from Hayashi Pure 
Chemical Industrial Company, Osaka, Japan. Solvents such as chloroform and 
methanol were obtained from Kanto Chemical Co., Inc. 2-8 Nihonbashi 
Honcho 3-Chrome Chuo-Ku, Tokyo, Japan. The derivatizing agent BSTFA 
with 1 % trimethylchlorosilane was purchased from Restek (Benner Circle, 
Pennsylvania, America).  Standard compounds such mannose, glucose, 
galactose, rhamnose, fucose, ribose and xylose were purchased from Sigma-
Aldrich Inc. (St.Louis, Missouri, America) while propanetriol was purchased 
from Merck (Germany). The 7 monosaccharides (mannose, glucose, galactose, 
rhamnose, fucose, ribose and xylose) used in the working standards were 
purchased from Sigma Aldrich (St. Louis, MO, U.S.A.). The internal standard 
for the monosaccharide analysis (D-glucose-
13
C6) was purchased from 








4.2.3. Analytical methods 
 
Four analytical methods were utilized to analyse all the samples mentioned 
earlier. These analytical methods were known as amino acid analysis, 
monosaccharide analysis, metabolite fingerprinting with GC/MS and 
metabolite fingerprinting with LC/MS. The procedures for amino acid analysis 
and monosaccharide analysis have been mentioned in detail in Chapter 2, 
sections 2.2.3 and 2.2.4. Meanwhile, the procedures for metabolite 
fingerprinting with GC/MS and metabolite fingerprinting with LC/MS has 
been stated in Chapter 3, sections 3.2.2 and 3.2.3. These analytical methods 
were further applied in this chapter to differentiate the genuine EBN from the 
spiked samples.     
 
4.2.4. Statistical analysis 
 
Data obtained from the different analytical methods were be exported to 
SIMCAP+ software package version 13 (Umetrics, Umea, Sweden) for the 
construction of their respective multivariate models. The confidence interval 









4.3. Results and discussion 
4.3.1. Determination of normalization approach for the different analye 
 
Three different types of food items, namely agar agar, fungus and isinglass 
were utilized to create the spiked samples (Figure 26). These food items were 
chosen as adulterants because they had been reported to have impersonated 
EBN in the market, and more importantly they possess several common 
physical properties like EBN. Agar agar and fungus are food items from 
Gelidium amansii (algae) and Tremella fuciformis (snow fungus) respectively. 
They possess an exterior with a uniform white coloration and a gelatinous 
texture after being boiled.
200, 201
 On the other hand, isinglass is a food item that 
is generally derived from the swim bladders of Muraenesox cinereus (eel).
202
 
It is tasteless when cooked and has a yellowish surface. Based on their 
physical characteristics, these adulterants bear a striking similarity to the 
authentic EBN in terms of their appearance and taste, which in turn makes it 





















Figure 26 Display of (A) agar agar, (B) fungus and (C) isinglass. 
 
Despite the comparable physical characteristic between the EBN and the 
adulterants, the adulterants are likely to exhibit a different chemical profile 
due to the fact that they originated from different species. Representative 
chromatograms obtained from EBN and the spiked samples are illustrated in 
Figure 27 to 31. Looking at the chromatograms, a considerable variation in the 
amount of amino acids and monosaccharides in the contents of EBN and its 
spiked samples could be seen (Figure 27 to 28). In the case of the metabolite 
chromatograms from GC/MS and LC/MS, additional differences were 
observed. Besides changes in the content of the EBN’s metabolites, the spiked 
samples were observed to contain more compounds as the adulteration level 
increased (Figure 29 to 31). The distinctive chromatograms generated by the 
EBN and the spiked samples show that it is promising to utilize their chemical 


























Figure 27 Chromatograms of EBN and its spiked samples based on amino 
acid analysis. Chromatogram (A) EBN while chromatogram (B), (C) and (D) 































Figure 28 Total ion chromatograms of EBN and its spiked samples based on 
monosaccharide analysis. Chromatogram (A) EBN while chromatogram (B), 































Figure 29 Total ion chromatograms of EBN and its spiked samples based on 
metabolite fingerprinting with GC/MS. Chromatogram (A) EBN while 































Figure 30 Total ion chromatograms of EBN and its spiked samples based on 
metabolite fingerprinting with LC/MS in ES+ mode. Chromatogram (A) EBN 
while chromatogram (B), (C) and (D) samples spiked with agar agar, fungus 































Figure 31 Total ion chromatograms of EBN and its spiked samples based on 
metabolite fingerprinting with LC/MS in ES- mode. Chromatogram (A) EBN 
while chromatogram (B), (C) and (D) samples spiked with agar agar, fungus 














With the vast amount of data acquired from the analysis, it was difficult to 
differentiate EBN from the spiked samples merely by inspecting the peak area 
or intensity of the analyzed samples. Hence, the data sets were subjected to 
multivariate analysis to observe the similarities or dissimilarities in the 
chemical profiles easily.
203
 Prior to the construction of the score plots, the data 
sets underwent data pre-processing, which generally consisted of two parts – 
normalization and scaling.  
 
Normalization is a common data pre-processing method prior to multivariate 
analysis.
204
 Its application is deemed desirable it enables the direct comparison 
of data sets among the samples. There are two generally accepted and widely 
used approaches in normalization – normalizing to an internal standard and 
normalizing to a constant sum (CS). The internal standard approach uses a 
chemical compound other than the analyte(s) of interest to serve as a reference 
value, whereby the signal of analyte is expressed as a fraction of the reference 
signal of the internal standard.
205
 This chemical compound generally possesses 
similar physical or chemical properties to the analyte(s) in the analysis. Thus, 
the addition of an internal standard serves to minimize errors due to sample 
preparation or the matrix effect. Although this approach has been proven to be 
successful in achieving a more accurate and precise analysis result, it incurs 
extra cost and time and is restricted to targeted analyte analysis.
206
 As such, 
the internal standard approach is applied only to the amino acid and 
monosaccharide analysis rather than the metabolite analyse with GC/MS and 
LC/MS. This is because the amino acids and monosaccharides had been pre-





Unlike the internal standard approach, the CS approach does not require any 
additional chemicals or steps in sample preparation; the entire approach 
involves only the mathematical manipulation of the data set. In such cases, 
each signal value for the sample is divided by the sum of all the signal values 
for that sample.
207
 This would then eliminate the influence of the sample size 
over the measured analytes. The approach has been seen to be utilized in the 
data analysis of urine due to the variable nature of the volume of the sample 
produced.
208
 However, CS is also known to affect the correlation structure of a 
data set, especially when the number of compounds varies for different 
samples.
158
 This might lead to a different interpretation of the results. 
Considering both the advantage and disadvantage of CS approach, it would be 
applied to all four different data sets in this chapter to determine the most ideal 
data pre-processing method for the differentiation of the EBN and the different 
types of spiked samples.  
 
Principal component analysis (PCA) score plots based on CS normalized data 
and without CS normalized data were constructed to determine the 
interpretable portion of the data sets. Preliminary PCA score plots illustrated 
that samples with a low percentage of adulterants were noted to be 
indistinguishable from authentic EBNs. In addition, some of the spiked 
samples were observed to overlap with each other in the score plots. As such, 
these samples were excluded from the subsequent multivariate analysis. The 
final PCA score plots obtained from the remaining samples demonstrated a 
clear discrimination between EBNs and the spiked samples (Appendix 15). 









(cumulative) were of values greater than 0.8, thereby indicating that the 
established score plots were sound and reliable (Table 10). 
 
Referring to the results derived from the amino acid and monosaccharide data, 
a distinct difference in the detectable spiking range was observed when CS 
normalization was applied (Table 10). The amino acid and monosaccharide 
data contained a fixed number of variables for all the samples, thus the 
adulterants would have to possess variables with a considerable concentration 
to induce a significant variation between the CS normalized data of EBNs and 
the spiked samples. Agar agar and fungus have a low amino acid content of 2 
and 60 mg /g respectively, while isinglass contains a low monosaccharide 
concentration of 15 mg / g in comparison with EBN (300 mg / g of amino 
acids and 500 mg / g of monosaccharides). Thus, it was not surprising that an 
adulterant was detected to be as high as 80 % of the sample’s weight when the 
adulterant only has a low variable concentration. In comparison, amino acid 
and monosaccharide data, which did not undergo CS normalization, illustrated 
a marked improvement in the detection of adulterants – the detectable spiking 
range is generally 10 – 100 %. Hence, it is proposed that these data are more 
sensitive to minor changes in the variable content, which result in the 
discrimination of samples spiked with a minute quantity of adulterants.  
 
On the contrary, the metabolite data sets based on GC/MS and LC/MS 
exhibited a better detectable spiking range when processed with CS 
normalization (Table 10). Peaks representing adulterants were clearly 





approximately 5 % of adulterant. However, this observation was only 
illustrated in the PCA score plot constructed with the metabolite data 
normalized to CS. As such, the result suggests that the application of CS 
normalization to the signal of the metabolites would be able to improve the 
clarity of discrimination power between EBNs and binary mixtures with a low 







Table 10 Model parameters and detection range results for different normalizing methods. 
















Without CS  
normalization  
Model parameters                










0.983 0.999 0.997 0.993 0.814 0.904 0.882 0.876 
 
        
Detection spiking range  
       
Agar agar 
(%) 
80 - 100  10 - 100 10 - 100  10 - 100  5 - 100  10 - 100 5 - 100 50 - 100 
Fungus 
(%) 
80 - 100  10 - 100  10 - 100  10 - 100  1 - 100  5 - 100  0.5 - 100  0.5 - 100  
Isinglass 
(%) 







4.3.2. Determination of the scaling method for the qualitative 
discrimination of EBNs and spiked samples 
 
A multivariate model is known to be established with the variance of the data 
set. As such, it is vital to assess the variance of the raw data input as it plays a 
major role in the output of the multivariate analysis.
209
 Variations in the raw 
data are broadly divided into two categories: technical variation and biological 
variation. Technical variation is contributed by the experimental procedures 
such as sample preparation or instrumental analysis, while biological variation 
is the inherent variation of the samples which could be induced by genetic 
composition, environment or human activities. In data analysis, it would be 
ideal that technical variations are completely removed from the raw data so 
that samples are discriminated according to their biological variations, only, so 




Scaling is a data transformation process prior to the construction of the 
multivariate model.
211
 It serves to modify the weights of the variables in the 
output multivariate model, thereby being capable of eliminating existing 
technical variations, as well as highlighting the biological variations. There are 
three scaling methods: unit variance (uv), pareto (par) and no scaling. These 
methods are noted to be frequently used to process the raw input data. These 
three different types of scaling would be applied to the data sets in this chapter 






The initial PCA score plot established with EBNs and a wide range of spiked 
samples was observed to be unable to discriminate samples with a low 
adulterant level. Thus, these samples were removed from the respective data 
set prior to the construction of the final score plot. The final score plot results 
are summarized in Table 11. Good quality score plots were established with 





X (cumulative) were above 0.7 respectively). It was also 
revealed that uv was the most appropriate scaling method for all the different 
types of analytical methods. In addition, the detectable spiking range generally 
improves as the scaling method changes from no scaling to par scaling and 
then to uv scaling. Without scaling, the raw data set is exported for 
multivariate analysis after it is mean-centered. As such, the output model 
would be dominated by variables with high variance. On the other hand, par 
and uv scaling are applied in order to reduce the influence of the variables 
with a high variance; the latter has a relatively larger reduction. This suggests 
that the variables with large variances are not as informative as those 
containing small variances in the qualitative discrimination of EBNs and 







Table 11 Model parameters and detection range results for different scaling methods. 

























scaling   
Model parameters  
      










0.999 0.974 0.990 0.993 0.960 0.984 0.814 0.786 0.961 0.882 0.924 0.967 
Detectable spiking range            
Agar agar 
(%) 
10 - 100 10 - 100  10 - 100  10 - 100  10 - 100  10 - 100  5 - 100  10 - 100  10 - 100  5 - 100 5 - 100 5 - 100 
Fungus 
(%) 
10 - 100  30 - 100  30 - 100  10 - 100  10 - 100  10 - 100  1 - 100  1 - 100  1 - 100  0.5 - 100  0.5 - 100  0.5 - 100  
Isinglass  
(%) 





4.3.3. Determination of the multivariate analytical method for the 
qualitative discrimination of EBNs and spiked samples 
 
Besides selecting the data pre-processing approach, the choice of multivariate 
analysis method is also critical in the success of the authentication of EBNs. 
Multivariate analysis has been frequently utilized in the authentication of food 
items such as ginseng and infant milk powder as this multivariate approach is 
capable of determining the relationship between samples through reducing the 
data into a plot represented by a few principal components.
212, 213
 To date, the 
most commonly used multivariate analysis methods are PCA, orthogonal 
projections to latent structures discriminant analysis (OPLS-DA) and 
projection to latent structure discriminant analysis (PLS-DA). These three 
different types of multivariate analysis methods would be employed to 
determine ideal score plots for the authentication of EBN (Appendix 17).  
 
The preliminary score plots display tight clustering between EBN and samples 
with a low spiking level, thereby indicating that these low spiking levels were 
insufficient to induce a significant change in the respective variable response. 
Thus, the final score plots did not include these samples. Referring to the final 
score plots in Figure 32, it was observed that clear separation was achieved 
between EBN and the spiked samples. Moreover, samples spiked with the 
same adulterant were separated from EBN in a similar direction. Furthermore, 
the separation distance was noted to be dependent on the spiking level. The 




X (cumulative) and 
R
2





score plots was satisfactory (Table 12). The assessment of the score plots was 
also conducted with external prediction sets. An excellent 100 % correct 














Figure 32 PCA score plots to distinguish between EBN and spiked samples. 
(A) based on amino acid data. (B) based on monosaccharide data. (C) based 
on metabolite fingerprinting with GC/MS. (D) based on metabolite 















Coomans’ plot was also employed to visualize the grouping between the EBN 
and spiked samples, In the Coomans’ plot, two axes are utilized to represent 
the D-critical distance (P = 0.05) of the respective PCA model.
214
 This D –
critical distance serves as a boundary for EBN and spiked samples, with the 
boundary for EBN at the left side while the boundary for spiked samples at the 
bottom of the plot. Thus, if a predicted sample of a certain distance to model X 
predicted score (DModXPS) value enters the boundary of another type of 
sample, it would be deemed as a misclassification (graphically, the predicted 
sample would be spotted inside the rectangle defining the model of another 
type of sample). The plots for all the different analytical analysis exhibited a 
clear distinction between EBN and spiked samples, displayed in Figure33 to 
36. As such, this result, together with the validation result on the external 




































Figure 33 Coomans’ plot of EBN and spiked samples based on amino acid 
analysis. The spiked samples in each plot containing the following adulterant: 






























Figure 34 Coomans’ plot of EBN and spiked samples based on 
monosaccharide analysis. The spiked samples in each plot containing the 






























Figure 35 Coomans’ plot of EBN and spiked samples based on metabolite 
fingerprinting with GC/MS. The spiked samples in each plot containing the 






























Figure 36 Coomans’ plot of EBN and spiked samples based on metabolite 
fingerprinting with LC/MS. The spiked samples in each plot containing the 










Based on Table 12, it was observed that even though different multivariate 
approaches were applied to the same data, the detectable spiking range was 
revealed to be the same. In such cases, the simplicity of the execution of the 
multivariate approach would take priority. There are two main groups of 
multivariate approach – unsupervised and supervised methods. PCA is 
classified under the unsupervised method, thus information on the class of the 
samples is not required prior to the construction of this type of score plot.
215, 
216
 On the other hand, supervised methods like OPLS-DA and PLS-DA entails 
an additional step of indicating the classes of the samples because the distance 
between the various class memberships would be maximised during the 
establishment of these two types of score plot.
217
 This was suggested to be 
able to provide better classification of the samples as the incorporation of 
orthogonal data may increase the noise in the score plot. Hence, in addition to 
the PCs representing the co-variation portion, the number of PCs for the 
orthogonal portion of the data would have to be optimized in the case of the 
OPLS-DA score plots. With this information, PCA was found to offer the 
most ideal multivariate solution for the data representing amino acid, 








Table 12 Model parameters and detection range results for different multivariate methods. 
  Amino acids  Monosaccharides  Metabolites - GC/MS  Metabolites - LC/MS  




















Model parameters  
      

























100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
Detectable spiking range            
Agar agar 
(%) 
10 - 100 10 - 100  10 - 100  10 - 100  10 - 100  10 - 100  5 - 100 5 - 100 5 - 100  5 - 100 5 - 100  5 - 100  
Fungus 
(%) 
10 - 100 10 - 100  10 - 100 10 - 100  10 - 100  10 - 100  1 - 100  1 - 100  1 - 100  0.5 - 100  0.5 - 100  0.5 - 100  
Isinglass  
(%) 





Comparing the different analytical methods, amino acid and monosaccharide 
analysis have the advantages of quantifying fewer variables compared to the 
metabolite analysis. The disadvantages of the amino acid and monosaccharide 
analysis lie in the long and tedious sample preparation, making it a less 
productive analytical method and increasing the chances of human errors. The 
metabolite analysis is an untargeted profiling study, thus no standards will be 
needed, thereby reducing the analysis cost, preparation time and overall run 
time. More importantly, metabolite analysis generates a large number of 
variables, which in turn leads to a better detectable spiking range relative to 
the amino acid and monosaccharide analyse. As such, the metabolite analysis 
provides a better platform to differentiate EBN and spiked samples than the 
amino acid and monosaccharide analysis. Between the two analytical 
platforms utilized in the metabolite analysis, LC/MS involves a more costly 
instrument than the GC/MS while GC/MS has a lower throughput. Since both 
analytical platforms do not exhibit a distinct advantage over the other and they 
produce comparable qualitative discrimination results, the ideal analytical 
platform to distinguish EBN from the spiked samples would be dependent on 











4.3.4. Quantitative discrimination of EBN and spiked samples with PLS 
regression 
 
On top of qualitative discrimination, it is also vital to achieve the quantitative 
discrimination between EBN and spiked samples. This is because it would 
permit the understanding of the limits of the approaches and more importantly, 
it may provide the authorities a reliable approach to accurately quantitating the 
amount of adulterants spiked in the food item. PLS regression is a supervised 
multivariate calibration method which utilizes numerous variables to construct 
the regression line for prediction. This would result in the data analysis time to 
be considerably reduced as the building of multiple regression curves can be 
averted. The capabilities of PLS regression in evaluating the quality of food 
have been demonstrated in several literatures. 
218, 219
 Hence, in this chapter, 
PLS regression would be employed to determine the quantity of adulterants in 
the spiked sample (Appendix 18).          
 







Y (cumulative), of the PLS regression models have a value higher than 0.6, 
thus indicating that good quality models were established with the various 
analytical analyse (Table 13). The calibration parameters such as R
2
, RMSEE 
and RMSEP are also tabulated in Table 13. In all the analytical analyse, PLS 
regressions were revealed to exhibit slopes close to 1, intercepts close to 0 and  
R
2
 values larger than 0.98, thereby pointing out low biases and absence of 
systematic regression errors in the established curves. The predictive power of 







Values for the predictive parameters were generally lower than 4 with the 
exception of the RMSEP values from amino acid and monosaccharide data. 
This inconsistency in the predicted samples indicates the presence of high 
variations in the amino acid and monosaccharide data. The analytical methods 
employed in this chapter to quantitate amino acids and monosaccharides have 
been developed for EBN. Thus, these analytical methods might not be able to 
accurately reflect the quantity of the amino acids and monosaccharides in the 
spiked samples. Besides that, the adulterants contained a minute quantity of 
amino acids and monosaccharides as mentioned earlier. This might have 
further aggravated the fluctuations of the results of the spiked samples.  
 
With reference to Table 13, the ideal analytical method to quantitate the 
amount of adulterants in the spiked samples is metabolite analysis with 
GC/MS. In this analytical method, satisfactory model performance and 
calibration parameters were achieved and most importantly, it provided the 
best detectable spiked range (Figure 37). As expected, the metabolite analysis 
outperformed the amino acid and monosaccharide analyse due to a larger 
number of discriminating variables detected in the metabolite analysis.  
Although the number of variables detected through metabolite analysis with 
GC/MS is much lower than the LC/MS - GC/MS, containing 63 variables 
while LC/MS contains 157 variables, GC/MS was determined to have a better 
detectable spiking range than LC/MS. This could be attributed to the higher 
sensitivity of GC/MS towards the discriminating variables in the adulterants, 
which in turn leads to lower detected adulterant level in the PLS regression. 





analysis was narrower in the quantitative discrimination compared to the 
qualitative discrimination. This is because spiked samples with a low 
percentage of adulterants (generally samples with lesser than 1 % of an 
adulterant) were found to overlap with each other in the PLS regressions. Thus, 
these samples were excluded from the final calibration curves as it was not 
possible to determine the actual value of adulterants in these samples. A 
possible attribution could be the generic extraction method employed. 
Utilization of such a method might not have been able to accurately extract all 









































Figure 37 PLS regression plots of EBN and spiked samples based on 
metabolite fingerprinting with GC/MS. The spiked samples in each plot 









Table 13 Statistical values of PLS regression for the quantitative discrimination between EBN and spiked samples. 




Fungus  Isinglass  
Agar  
Agar 
Fungus  Isinglass  
Agar  
Agar 
Fungus  Isinglass  
Agar  
Agar 
Fungus  Isinglass  
















0.988 0.986 0.986 0.986 0.969 0.891 0.994 0.993 1.000 1.000 0.999 0.999 
             




















































 0.995 0.998 0.991 0.993 0.988 0.997 0.997 1.000 1.000 1.000 1.000 1.000 
RMSEE  2.962 1.872 3.573 3.573 4.765 2.832 2.199 0.393 0.003 0.020 0.785 0.060 




( % w/w )  





4.3.5. Variable importance for the projection (VIP) plot for the spiked 
samples 
 
Besides discrimination of EBN and spiked samples, PLS regression is able to 
offer quantitative measurements of the discriminatory power of each variable 
with the use of VIP plots.
221
 Mathematically, VIP is the weighted sum of 
squares of the PLS weights, which explains the amount of Y-variance 
(percentage of adulterant in the sample) in each latent variable.
222
 In the VIP 
plot, variables with VIP values greater than 1 are considered as having 
meaningful contribution in the PLS model whereas variable assigned with a 
VIP value 0.5 or smaller would be deemed to have small or no influence on 
the established model.
223
 The variables in the VIP plot for each PLS model 
would be arranged in ascending order for the ease of reference. It was revealed 
that the number of high influence variables (VIP greater than 1) in the PLS 
model based on amino acid, monosaccharide and metabolite analyse with 
GC/MS and LC/MS are 38, 14, 54 and 163 respectively.   
 
Referring to the VIP plots on the amino acid analysis, samples spiked with 
agar agar had the highest number of amino acids which exhibited major 
discriminatory power between EBN and the spiked samples (Table 14). This 
was expected as agar agar had the lowest amino acid content (2 mg/g) among 
the adulterants. An interesting amino acid, 4-hydroproline, was identified only 
in the VIP plot for samples spiked with isinglass due to the presence of 






In the case of the monosaccharide analysis, samples spiked with agar agar and 
fungus illustrated that the factor responsible for the difference between EBN 
and the spiked samples was mainly glucose. This could be attributed to the 
fact that these two adulterants originated from agar agar and fungus, thus they 
would contain a high content of cellulose - polysaccharide whose primary 
component is glucose.
225
 On the other hand, the discriminating variable 
between isinglass and EBN was revealed to be galactose. This is likely due to 




In addition, the VIP plot could also be used to identify characteristic variables 
of the adulterant. For instance, common metabolites in agar agar –
hexadecanoic acid and E-9-octadecenoic acid, were observed to be one of the 
main metabolites responsible for the discrimination of EBN and agar agar in 
the VIP plot based on metabolite analysis with GC/MS (Table 16).
227
 This 
outcome was in line with the GC/MS chromatogram where the major 
discrimination appeared between 25 to 35 min. On the other hand, metabolites 
which are characteristic of fungus were generally found to have a VIP value 
greater than 1 (1,2-dipalmitin and 1,3-dipalmitin), with the exception of 
glucitol, 5-alpha-ergost-8 (14)-en-3-beta-ol and ergosterol.
228
 It was a surprise 
that glucitol had a VIP value lesser than 1 as it is one of the most distinctive 
peak in the fungus’s chromatogram. This could be due to the effects of 
normalization which changed the correlation structure of the data. 5-Alpha-
ergost-8 (14)-en-3-beta-ol and ergosterol are fungus sterols which are used as 
indicators for the plant.
229
 Their limited influence could be attributed to their 





sample. In isinglass, metabolites with VIP values greater than 1 were mostly 
fatty acids - hexanoic acid, arachidonic acid, octanoic acid, tetracosanoic acid, 
eicosanoic acid and (Z)-9,12-octadecadienoic acid. These fatty acids are 
commonly found in meat and cooking oil, which fits the characteristic of 
isinglass.
230
 Hexadecanoic acid and E-9-octadecenoic acid are major 
metabolites in isinglass, however, they were noted to have a low VIP values. 
This is attributed to the high abundance of these two metabolites in the 
composition of EBN. 
 
Other than the metabolite analysis with GC/MS, the LC/MS platform also 
exhibited characteristic metabolites. Although the detected ions were not 
identified in the LC/MS analysis, the LC/MS platforms revealed that samples 
spiked with isinglass contained the largest number of variables with high 
discriminatory power (samples spiked with agar agar, fungus or isinglass 
contain 32, 84 and 163 variables with VIP values greater 1 respectively). This 
is probably due to the frying of the isinglass prior to its sales on the market. 
Cooking oil is known to be generally derived from sources like olives, peanuts 
and seeds.
231
 As such, frying of isinglass might have added metabolites from a 
different source from isinglass to the final food item, thereby leading to a large 








Table 14 Summary of amino acids with VIP values greater than 1. 
No.  Variable  VIP    No.  Variable  VIP    No.  Variable  VIP  
I) Agar agar  
  
II) Fungus  
  
III) Isinglass  
 1 Methionine 1.08 
 
15 Methionine 1.08 
 
27 Tyrosine 1.10 
2 Serine 1.07 
 
16 Tyrosine 1.07 
 
28 Leucine 1.10 
3 Tyrosine 1.07 
 
17 Valine 1.05 
 
29 Alanine 1.10 
4 Lysine 1.06 
 
18 Proline 1.05 
 
30 Phenylalanine 1.10 
5 Glutamic acid 1.05 
 
19 Phenylalanine 1.05 
 
31 Glycine 1.10 
6 Isoleucine 1.05 
 
20 Aspartic acid 1.05 
 
32 4-hydroxyproline 1.10 
7 Valine 1.05 
 
21 Leucine 1.04 
 
33 Isoleucine 1.08 
8 Leucine 1.04 
 
22 Threonine 1.04 
 
34 Valine 1.08 
9 Phenylalanine 1.04 
 
23 Isoleucine 1.03 
 
35 Proline 1.08 
10 Alanine 1.04 
 
24 Lysine 1.03 
 
36 Methionine 1.08 
11 Glycine 1.04 
 
25 Glutamic acid 1.03 
 
37 Threonine 1.04 
12 Proline 1.04 
 
26 Glycine 1.01 
 
38 Serine 1.02 
13 Aspartic acid 1.03 








Table 15 Summary of monosaccharides with VIP values greater than 1. 
No.  Variable  VIP    No.  Variable  VIP    No.  Variable  VIP  
I) Agar agar  
  
II) Fungus  
  
III) Isinglass  
 1 Glucose 1.14 
 
6 Ribose 1.09 
 
11 Galactose 1.33 
2 Fucose 1.09 
 
7 Glucose 1.09 
 
12 Fucose 1.29 
3 Galactose 1.07 
 
8 Mannose 1.09 
 
13 Glucose 1.18 
4 Mannose 1.04 
 
9 Fucose 1.07 
 
14 Mannose 1.04 













Table 16 Summary of metabolites analysed with GC/MS with VIP values greater than 1. 
No.  Variable  VIP    No.  Variable  VIP    No.  Variable  VIP  
I) Agar agar  
  
II) Fungus  
  
III) Isinglass  
 
1 (E)-9-Hexadecenoic acid 1.31 
 
22 Hydroxybutanedioic acid 1.33 
 






23 Unknown 2 1.33 
 






24 Succinic acid 1.33 
 
43 Hydroxybutanedioic acid 1.42 
4 Cholesterol 1.29 
 
25 1,3-Dipalmitin 1.32 
 
44 Glycerophosphate 1.42 

















Table 4.7 continue 
No.  Variable  VIP    No.  Variable  VIP    No.  Variable  VIP  
I) Agar agar  
  
II) Fungus  
  
III) Isinglass  
 
7 Decanoic acid 1.25 
 
28 Glycerophosphate 1.26 
 
47 Arachidonic acid 1.27 
8 Hydroxybutyric acid 1.24 
 
29 4-Aminobutanoic acid 1.25 
 
48 Octanoic acid 1.25 







49 1-Monooleoylglycerol 1.19 







50 Unknown 7 1.13 
11 Tetradecanoic acid 1.20 
 
32 Hexadecanoic acid 1.18 
 
51 Tetracosanoic acid 1.12 






Table 4.7 continue 
No.  Variable  VIP    No.  Variable  VIP    No.  Variable  VIP  
I) Agar agar  
  
II) Fungus  
  
III) Isinglass  
 
13 Xylitol 1.19 
 
34 Xylitol 1.16 
 
53 Sebacic acid 1.12 
14 Heptadecanoic acid 1.13 
 
35 Unknown 3 1.13 
 
54 Eicosanoic acid 1.11 
15 (Z)-9-Hexadecenoic acid 1.13 
 






16 Nonanoic acid 1.09 
 
37 Myo-Inositol 1.09 
    
17 Succinic acid 1.08 
 
38 D-Galactitol 1.03 
    






Table 4.7 continue 
No.  Variable  VIP    No.  Variable  VIP    No.  Variable  VIP  
I) Agar agar  
  
II) Fungus  
  
III) Isinglass  
 
19 Octadecanoic acid 1.07 
 
40 Pentadecanoic acid 1.01 
















The most suitable analytical method to authenticate EBN in this chapter is 
metabolite analysis with GC/MS as it demonstrated the best detectable spiking 
range. Compared to existing methods to authenticate EBN as mentioned 
earlier, the use of a single metabolite analysis is capable of performing both 
qualitative and quantitative discrimination of EBN and samples spiked with 
adulterants as low as 0.5 % and 1 % respectively. In addition, data pre-
processing prior to the construction of the multivariate model serves to 
eliminate the variations which might be induced by the processing method of 
EBN. However, metabolites have to be extracted from EBN to undergo 
chromatographic analysis prior to obtaining the data for authentication. The 
time taken for sample preparation and analysis would result in a lower 
throughput method relative to most existing EBN authentication methods. 
Furthermore, the use of GC/MS might incur a higher experimental cost which 
may be undesirable for users with constraints in funding. 
 
4.3.6. Qualitative and quantitative discrimination of EBN and multiple 
spiked samples 
 
Most studies focus on the discrimination of one type of adulterants. In reality, 
however, more than one adulterant can be spiked into EBN. As such, it is 
desirable to discriminate samples spiked with multiple adulterants (known as 
multiple spiked samples) from EBN in a single measurement. It is evident 
from the section 4.3.3. and 4.3.4. that multivariate data models constructed 
based on metabolite analysis with GC/MS offer the best solution for 





determine the applicability of multivariate data models for qualitative and 

















Figure 38 (A) Prediction results of multiple spiked samples using PCA score 
plot based on metabolite fingerprinting with GC/MS. (B) Loading plot of PCA 



















11 metabolites  
Agar Agar 


































The prediction result for qualitative discrimination illustrates its feasibility to 
discriminate EBN from multiple spiked samples (Figure 38a). The result also 
shows that the multiple spiked samples are situated in the region accounting 
for a single type of adulterant, rather than in between regions of adulterant. 
This is due to the difference in the number of metabolites responsible for the 
sample’s position in the PCA score plot – number of metabolites in the region 
for agar agar, fungus and isinglass is 6, 16 and 22 respectively (Figure 38b). 
Adulterants with a larger number of metabolites would have a greater 
influence in the metabolite composition of the multiple spiked samples. This 
in turn leads to the sample being situated in a region that accounts for the 
adulterant with a higher influence.          
 
Referring to Table 17, RMSEP for the multiple spiked samples are higher in 
comparison to the spiked samples. This indicates that accurate prediction of 
the percentage of individual adulterants in multiple spiked samples could not 
be performed using PLS regression. The RMSEP for fungus prediction in 
samples spiked with agar agar and fungus is 19.88, much lower than agar agar 
prediction (167.74).  RMSEP is affected by metabolites with VIP values 
greater than 1 and the common metabolites between the adulterants that are 
spiked into the sample. Based on these criteria, the number of metabolites 
affecting RMSEP for the fungus and agar agar prediction is determined to be 8 
and 13 respectively (Appendix 20). The lower number of metabolites in 
fungus prediction implies that the extent of influence for agar agar is lower 






























Agar Agar  167.74 147.42 N.A.  84.48 
Fungus  19.88 N.A.  54.82 65.80 
Isinglass  N.A.  279.71 198.00 84.02 
a
 represents n = 6  




The approach to discriminating EBN by combining different analytical 
analyse - amino acids, monosaccharides and metabolites analysed by GC/MS 
and LC/MS, with multivariate analysis has not only proven to be feasible but 
also accurate and reliable. Prior to the construction of multivariate models, 
different CS normalizations were applied to each data set to achieve the best 
detectable scaling range. This indicates that application of CS normalization 
was dependent on the type of analytes. PCA with uv scaling was identified and 
employed to all data sets for the qualitative discrimination of EBN and 
samples spiked with adulterant at levels as low as 0.5%. 
 
With the use of PLS regression, it is possible to accurately quantitate the level 
of adulterants down to 1 % of the spiked sample. In addition, discriminating 





interesting point to note was that the metabolite data sets exhibited variables 
which differed from the characteristic of the adulterant due to changes in the 
correlation structure.  
 
Besides being applied to binary spiked samples, the developed approach was 
also utilized to discriminate multiple spiked samples. The results suggest that 
the complexity of the sample does not hamper the qualitative discrimination of 
EBN. Hence, the approach is feasible in the qualitative discrimination of EBN 
and multiple spiked samples. The success of qualitative and quantitative 
discrimination indicates that authentication of EBN can be conducted in a two 
step approach –  qualitative discrimination with a PCA score plot, followed by 
accurate quantitation of the adulteration level with PLS regression.  Given the 
accuracy and reproducibility of this approach, it could be a highly promising 



















The invaluable food item known as EBN has often been plagued by 
authenticity issues. In this thesis, different analytical methods and multivariate 
data analysis were utilized to solve the authenticity issues that have been 
afflicted upon the EBN industry for many years. Authentication is divided into 
three main parts – (a) identification of EBN, (b) classification of EBN and (c) 
discrimination between genuine EBN and EBN spiked with adulterants 
(spiked samples) to facilitate the formation of systematic approaches in 
resolving the quality control of EBN.  
 
In the identification of EBN, an approach that combines amino acid and 
monosaccharide analyse with multivariate data analysis was developed and 
validated to identify the food item based on species origin. Prior to the 
approach, an analytical method was established and evaluated (RSD lesser 
than 10 %) in order to qualify monosaccharides in EBN. This provides 
confidence for the reproducibility of the data to be used in the multivariate 
data analysis. The multivariate data analysis known as Hotelling T2 range plot, 
in combination with amino acid and monosaccharide data was successful in 
predicting the different types of EBN and differentiating various types of 
samples. This outcome suggests EBN contains a group of glycoproteins which 
is not affected by the EBN’s coloration, country of origin and/or the 





to be unique to EBN. EBN was also revealed to be rich in protein and EAA as 
well as a variety of monosaccharides wider than most food items. Besides 
identification of EBN, amino acid and monosaccharide data, in combination 
with OPLS-DA is proven to be a feasible approach in the quality control of 
EBN. The overall findings suggest that the amino acid and monosaccharide 
data provides information not only on the detected compounds and also 
valuable insights into the glycoproteins of EBN.  
 
Metabolite fingerprinting was performed to investigate the chemical 
components in EBN and to utilize the data for the classification of EBN 
according to their coloration, countries and production sites. Forty-three 
metabolites and thirty-five metabolites were detected in GC/MS and LC/MS 
respectively. Metabolites were identified and their relationships with the 
medicinal properties of EBN were deduced. Classification of EBN was 
performed with OPLS-DA as each score plot demonstrated a clear 
discrimination pattern when EBN was classified. Several metabolites were 
found to be responsible for the discrimination of EBN in each classification 
category and the metabolites’ variation was revealed to be associated with the 
environment. Validation of the score plots indicates that GC/MS was more 
suitable than LC/MS for classification as the processing methods of the EBNs 
would not cause a significant variation in the metabolites detected by GC/MS.  
 
For detection of adulterants, an approach was developed and validated for the 
discrimination between genuine EBN and spiked EBN with different 





qualitative and quantitative discrimination of EBN and spiked samples. In the 
qualitative discrimination, it was found that the ideal normalization method 
was content dependent while the PCA model which undergoes unit variance 
UV scaling was applicable to all the analytical methods. The detectable 
spiking amount for the qualitative discrimination was as low as 0.5 %. 
Meanwhile, application of PLS regression shows that metabolite analysis with 
GC/MS was the most suitable analytical analysis for quantitative 
discrimination as this analysis was able to achieve an accurate detectable 
adulterant level down to 1 %. This developed approach was also able to 
perform qualitative discrimination at low levels of multiple spiked samples. 
The success of qualitative and quantitative discrimination between EBN, and 
low levels of spiked samples and multiple spiked samples illustrates the 
feasibility of employing just one analytical method for the authentication of 
EBN.   
 
In conclusion, it is feasible to make use of data obtained from advanced 
analytical techniques in combination with multivariate data analysis to 
authenticate EBN in terms of identifying EBN from samples with similar 
matrices, classifying the different types of EBN and discriminating the food 
item from samples which are spiked with a minute quantity of adulterants.  
This may serve as an approach for use by government regulatory bodies to 








5.2. Future work 
 
The proposed approach of combining analytical methods and multivariate data 
analysis has successfully resolved the authenticity issues involving EBN. 
Nevertheless, this approach is not a perfect one. The analytical methods 
utilized require a considerable amount of analysis time prior to obtaining the 
data for food authentication. This may hamper its usefulness as a routine 
authentication method to be employed by regulatory bodies as it may take 
days to complete the analysis. However, this limitation can be potentially 
resolved with the use of NMR. This is because it is able to detect the required 
compounds with a shorter analysis in approximately five minutes, thus 
significantly improving the throughput. As such, it is proposed that future 
analytical methods based on NMR could be developed for the authentication 
of EBN. 
 
In the metabolite fingerprinting of EBN, the number of metabolites identified 
were fewer than the detected ones. This might be due to the limited amount of 
information that GC/MS and LC/MS could provide to deduce the identity of 
the metabolites. To overcome this limitation, NMR could be applied to the 
metabolite fingerprinting of EBN as this analytical instrument is known to be 
able to detect minor differences in the magnetic field to elucidate the structure 
of an unknown compound. With the utilization of NMR and in combination 
with the information obtained in this thesis, it is likely that more metabolites 
could be identified. This would enable a more comprehensive understanding 
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Mannose   511.4 175.1 95 34 2 10 400 
    
187.1 95 50 3 10 400 
Glucose  511.4 175.1 95 34 2 10 400 
    
187.1 95 50 3 10 400 
Galactose  511.4 175.1 95 34 2 10 400 
    
187.1 95 50 3 10 400 
Rhamnose 495.3 175.1 100 33 2 8 400 
    
217.2 100 42 3 8 400 
Fucose  495.3 175.1 100 33 2 8 400 
    
217.2 100 42 3 8 400 
Ribose  481.2 175.0 100 34 2 9 400 
    
187.2 100 46 3 9 400 
Xylose 481.2 175.0 100 34 2 9 400 
    
187.2 100 46 3 9 400 
D-glucose-
13
C6 517.2 175.1 90 38 12 10 400 
















Appendix 2 PCA score plots subjected to different scaling methods for the identification of EBN 
 
(A)  Amino acid  






(B) Monosaccharide  









Appendix 3 Hotelling T2 range plots for the identification of EBN 
 
(A) Amino acid  






(B) Monosaccharide  







Appendix 4 Contribution plots based on the amino acid data 
 
(A) Chicken egg yolk 
 
(B) Chicken egg white 
 









(D) Quail egg white  
 













Appendix 5 Contribution plots based on the monosaccharide data 
 
(A) Chicken egg yolk 
 
(B) Chicken egg white 
 









(D) Quail egg white  
 












Appendix 6 Concentration of the amino acids of EBN and different types of food items 
Compound  
Concentration of individual amino acid for different food items  (mg / g of sample) 
EBN  Milk  
Chicken  
Egg Yolk  
Chicken  
Egg White  
Quail  
Egg Yolk  
Quail  
Egg White  
Infant  
formula  
Alanine 14.70 ± 0.93 0.97 ± 0.02 11.24 ± 0.93 7.15 ± 0.99 7.52 ± 0.80 6.67 ± 0.33 3.59 ± 0.15 
Glycine 19.95 ± 1.39 0.51 ± 0.03 6.38 ± 0.46 3.91 ± 0.38 4.73 ± 0.40 4.25 ± 0.11 2.72 ± 0.16 
Valine 36.43 ± 4.56 1.92 ± 0.04 12.08 ± 0.84 8.39 ± 0.82 9.03 ± 0.77 7.56 ± 0.08 6.25 ± 0.29 
 Leucine 35.53 ± 2.30 2.86 ± 0.03 16.96 ± 1.26 10.17 ± 0.78 12.94 ± 1.04 9.27 ± 0.16 0.00 ± 0.00 
Isoleucine 15.23 ± 1.76 1.38 ± 0.04 9.97 ± 0.72 5.58 ± 0.50 7.35 ± 0.55 5.19 ± 0.11 10.18 ± 0.64 
Threonine 41.01 ± 2.96 1.01 ± 0.06 9.96 ± 1.81 4.47 ± 1.02 6.91 ± 1.35 6.34 ± 0.72 5.40 ± 0.26 
Serine 37.20 ± 4.16 0.94 ± 0.04 13.67 ± 3.90 5.83 ± 2.22 9.78 ± 2.33 6.60 ± 1.23 6.16 ± 0.35 
Proline 43.56 ± 3.74 3.58 ± 0.12 9.39 ± 0.85 3.91 ± 0.41 6.41 ± 0.53 3.62 ± 0.07 5.22 ± 0.30 
Aspartic acid   53.86 ± 5.09 2.53 ± 0.10 20.32 ± 2.82 13.65 ± 2.10 13.98 ± 2.37 13.32 ± 1.20 9.11 ± 0.33 
Methionine 3.86 ± 0.54 0.82 ± 0.03 2.91 ± 0.16 4.94 ± 0.41 4.19 ± 0.31* 3.69 ± 0.08* 10.51 ± 0.33 
4-Hydroxyproline  4.57 ± 2.86 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 2.04 ± 0.13 
Glutamic acid  34.15 ± 2.73 8.28 ± 0.20 23.87 ± 4.04 19.08 ± 4.70 19.82 ± 4.01 19.68 ± 2.92 0.00 ± 0.00 
Phenylalanine 29.46 ± 2.34 1.52 ± 0.04 8.57 ± 0.76 7.89 ± 0.63 6.79 ± 0.69 6.59 ± 0.28 16.82 ± 0.60 
Lysine 16.22 ± 2.54 1.44 ± 0.09 9.74 ± 2.94 5.99 ± 0.94 7.04 ± 0.80 6.67 ± 1.28 4.60 ± 0.35 
Hydroxylysine 5.57 ± 0.57 0.00 ± 0.00 2.37 ± 0.25 4.59 ± 0.58 2.27 ± 0.19 2.46 ± 0.20 8.05 ± 0.52 
Tyrosine  31.41 ± 2.38 1.31 ± 0.07 7.27 ± 0.83 5.57 ± 0.85 6.05 ± 0.52 4.26 ± 0.27 0.00 ± 0.00 
Cystine  16.42 ± 1.93 0.00 ± 0.00 4.96 ± 0.82 6.77 ± 0.71 4.30 ± 0.51 4.74 ± 0.17 5.27 ± 0.47 





Appendix 7 GC/MS chromatograms of different catogories of EBN– 
coloration, countries and production sites 
 
(A)  Coloration - white EBN  
 
(B)  Coloration - orange EBN  
 














(D)  Countries - Malaysian EBN  
 
(E)  Countries - Indonesia EBN  
 
(F)  Countries - Thai EBN  
 
(G)  Production sites - farm EBN  
 






Appendix 8 LC/MS chromatograms of different catogories of EBN– 
coloration, countries and production sites 
 
(A)  Coloration - white EBN in positive mode 
 
(A)  Coloration - white EBN in negative mode 
 
(B)  Coloration - orange EBN in positive mode 
 









(C)  Coloration - red EBN in positive mode 
 
(C)  Coloration - red EBN in negative mode 
 
(D)  Countries - Malaysian EBN in positive mode 
 












(E)  Countries - Indonsian EBN in positive mode 
 
(E)  Countries - Indonsian EBN in positive mode 
 
(F)  Countries - Thai EBN in positive mode 
 












(G)  Farm EBN in positive mode 
 
(G)  Farm EBN in negative mode 
 
(H)  Cave EBN in positive mode 
 




















































Appendix 10 LC/MS chromatograms with the main region of difference being 
hightlighted  
 
(A)  Chromatogram A in positive mode 
 
(A)  Chromatogram A in negative mode 
 
(B) Chromatogram B in positive mode 
 
(B) Chromatogram B in negative mode 
 
(C) Chromatogram C in positive mode 
 







Appendix 11 Amino acid chromatograms of samples spiked different amount 
of adulterant.  
 
(A) Agar agar 5 % 
 
(B) Agar agar 10 %  
 
(C) Agar agar 30 % 
 
(D) Agar agar 50 % 
 
(E) Agar agar 80 % 
 






(G) Fungus 5 % 
 
(H) Fungus 10 %  
 
(I) Fungus 30 % 
 
(J) Fungus 50 % 
 
(K)  Fungus 80 % 
 















(M) Isinglass 5 % 
 
(N) Isinglass 10 % 
 
(O) Isinglass 30 % 
 
(P) Isinglass 50 %  
 
(Q) Isinglass 80 % 
 









Appendix 12 Monosaccharide chromatograms of samples spiked different 
amount of adulterant 
 
(A) Agar agar 5 % 
 
(B) Agar agar 10 %  
 
(C) Agar agar30 %  
 
(D) Agar agar50 %  
 
(E) Agar agar80 %  
 







(G)  Fungus 5 % 
 
(H)  Fungus 10 %  
 
(I) Fungus 30 %  
 
(J) Fungus 50 %  
 
(K)  Fungus 80 %  
 











(M) Isinglass 5 % 
 
(N) Isinglass 10 %  
 
(O) Isinglass30 %  
 
(P) Isinglass50 %  
 
(Q) Isinglass80 %  
 









Appendix 13 GC/MS chromatograms of samples spiked with different 
amount of adulterant  
 
(A)  Agar agar 1 % 
 
(B)  Agar agar 5 % 
 
(C)  Agar agar 10 %  
 
(D)  Agar agar 30 %  
 








(F)  Agar agar 80 % 
 
(G)  Agar agar 100 % 
 
(H)  Fungus 0.1 % 
 
(I)  Fungus 0.5 % 
 
(J)  Fungus 1 % 
 







(L)  Fungus 10 % 
 
(M)  Fungus 30 % 
 
(N)  Fungus 50 %  
 
(O)  Fungus 80 % 
 











(Q)  Isinglass 0.1 % 
 
(R)  Isinglass 0.5 % 
 
(S)  Isinglass 1 % 
 
(T)  Isinglass 5 %  
 
(U)  Isinglass 10 % 
 







(W) Isinglass  50 % 
 
(X)  Isinglass 80 %  
 


















Appendix 14 LC/MS chromatograms of samples spiked with different amount 
of adulterant  
 
(A)  Agar agar 1 %  in positive mode  
 
(A)  Agar agar 1 % in negative mode 
 
(B)  Agar agar 5 % in positive mode  
 
(B)  Agar agar 5 % in negative mode 
 








(C)  Agar agar 10 % in negative mode 
 
(D)  Agar agar 30 % in positive mode  
 
(D)  Agar agar 30 % in negative mode 
 
(E)  Agar agar 50 % in positive mode  
 
(E)  Agar agar 50 % in negative mode 
 







(F)  Agar agar 80 % in negative mode 
 
(G)  Agar agar 100 % in positive mode  
 
(G)  Agar agar 100 % in negative mode 
 
(H)  Fungus 0.1 %  in positive mode  
 
(H)  Fungus 0.1 % in negative mode 
 







(I) Fungus 0.5 % in negative mode 
 
(J) Fungus 1 % in positive mode 
 
(J) Fungus 1 % in negative mode 
 
(K) Fungus 5 % in positive mode 
 
(K) Fungus 5 % in negative mode 
 







(L) Fungus 10 % in negative mode 
 
(M) Fungus 30 % in positive mode 
 
(M) Fungus 30 % in negative mode 
 
(N) Fungus 50 % in positive mode 
 
(N) Fungus 50 % in negative mode 
 








(O) Fungus 80 % in negative mode 
 
(P) Fungus 100 % in positive mode 
 
(P) Fungus 100 % in negative mode 
 
(Q)  Isinglass 0.1 % in positive mode 
 
(Q)  Isinglass 0.1 % in negative mode 
 







(R) Isinglass 0.5 % in negative mode 
 
(S) Isinglass 1 % in positive mode  
 
(S) Isinglass 1 % in negative mode 
 
(T) Isinglass 5 % in positive mode 
 
(T) Isinglass 5 % in negative mode 
 







(U) Isinglass 10 % in negative mode 
 
(V) Isinglass 30 % in positive mode 
 
(V) Isinglass 30 % in negative mode 
 
(W) Isinglass 50 % in positive mode  
 
(W) Isinglass 50 % in negative mode 
 







(X) Isinglass 80 % in negative mode 
 
(Y) Isinglass 100 % in positive mode  
 















Appendix 15 PCA score plots which are subjected to different normalization methods 
 
(A) Amino acid  











(B) Monosaccharide  






(C) Metabolite fingerprinting with GC/MS  











(D) Metabolite fingerprinting with LC/MS  


















Appendix 16 PCA score plots which are subjected to different scaling methods 
 
(A)  Amino acid  






(B)  Monosaccharide  













(C)  Metabolite fingerprinting with GC/MS 






(D)  Metabolite fingerprinting with LC/MS 













Appendix 17 OPLS-DA and PLS-DA score plots for the determiantion of multivariate analysis in qualitative discrimination 
 
(A) Amino acid  











(B) Monosaccharide  






(C) Metabolite fingerprinting with GC/MS  
(I) OPLS-DA                                                                                                (II) PLS-DA 
 
 
(D) Metabolite fingerprinting with LC/MS  









Appendix 18 PLS regressions for the qualitative discrimination of EBN and 
spiked samples 
 
(A) Amino acid  
(I) Agar agar  
 













(B) Monosaccharide  
(I)Agar agar 
 













(C) Metabolite fingerprinting with LC/MS   
(I) Agar agar 
 













Appendix 19 VIP plots based on metabolite fingerprinting with LC/MS  
 























Appendix 20 Compound table on the metabolites found in agar agar, fungus 
and isinglass. Metabolites determined in agar agar, fungus and isinglass is 
highlighted by green, yellow and pink respectively. 
No.  Compound Name  Agar Agar  Fungus  Isinglass  
1 Hydroxybutyric acid F     







4 Dodecanoic acid       




beta-D-glucopyranoside   
  
 
7 Unknown 1 




D-glucopyranoside    
10 (Z)-9-Hexadecenoic acid F   
 
11 (E)-9-Hexadecenoic acid F     
12 Hexadecanoic acid F A   
13 Heptadecanoic acid F     
14 (Z)-9,12-Octadecadienoic acid     
 
15 E-9-Octadecadienoic acid F A   
16 E-11-Octadecadienoic acid   A   
17 Octadecanoic acid F     
18 Eicosanoic acid       
19 Thymol-beta-D- 
glucopyranoside 
F   
 
20 Cholesterol  
  
  
21 (Z)-9-Octadecenenitrile   
  
22 9-Octadecenamide       
23 Propanetriol       
24  Succinic acid F A   








27 Xylitol F A   








30 D-Glucoheptono-1,4-lactone F A   






33 Myo-Inositol   A   




35 Tetracosanoic acid 
 


















39 Hexanoic acid 
  
  
40 Heptanoic acid 
  
  
41 Octanoic acid F     
42 Unknown 5 
  
  
43 Nonanoic acid 
 







46 Isocitric lactone 
  
  






49 Unknown 6 
  
  
50 Unknown 7   
 
  











A   
55 Undecanedioic acid 
 
    
56 Pentadecanoic acid       
57 Unknown 9 
  
  
58 Arachidonic acid 
  
  
59 2-Monopalmitin  
 
    
60 1-Monopalmitin 
 
    
61 1-Monooleoylglycerol 
 
    
62 1,2-Dipalmitin 
 
    
63 1,3-Dipalmitin       
F represents the common metabolites between agar agar and fungus and has a 
VIP value greater than one in the fungus's PLS regression plot. 
 
A represents the common metabolites between fungus and agar agar and has a 
VIP value greater than one in the agar agar's PLS regression plot.
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